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EXECUTIVE SUMMARY

Under Title | of the Clean Air Act of 1990, the U.S. Environmenta Protection Agency (EPA)
is devel oping regulations to reduce volatile organic compound (VOC) emissions from various
consumer and commercial products. One of the first categories of consumer and commercial
products to be regulated is architectural coatings. This report analyzes the costs and economic
impacts of the final architectural coatings rule.

The genera purpose of the regulation is to reduce the flow of VOCs into the atmosphere from
the use and disposal of architectural coating products. These emissions are distinguished from the
manufacturing-related emissions that are controlled by other forms of regulation (as are emissions
to land and water).

VOC emissions are regulated because of their contribution to the formation of ground-level
ozone. Elevated levels of ozone degrade air quality and pose avariety of health risks to exposed

populations.

ES.1 COMPLIANCE ACTIONS

The regulation imposes a set of standards for VOC content for individual architectural coating
products. Products that exceed the limits imposed by these standards must either be brought into
compliance with the limits, have an exceedance fee assessed on the product’s VOC content above
the limit, or be withdrawn from the market. These actions, however, can be avoided for products

subject to the small tonnage exemption.

ES.2 COMPLIANCE COSTS



The number of compliance actions was estimated using survey data on VOC content and sales
volumes for almost 5,000 architectural coating products manufactured by 116 companies. The
surveyed products constitute about three-quarters of industry output. The survey data were used
to estimate the compliance activity for the products and manufacturers not covered in the survey
and is thereby the basis for the national estimate of costs.

Initially, the regulatory impacts were viewed in avery restrictive light, assuming that
reformulation down to the standards is the only option available to producers. The aggregate
costs of this restrictive option were then computed to give a benchmark measure of regulatory
costs under arestrictive set of conditions. The costsin Table ES-1 present both the initial

one-time expenditure for the reformulations and the costs expressed in annualized terms.

TABLE ES-1. NATIONAL COST FOR ARCHITECTURAL COATINGS
PRODUCERS—REFORMULATION-ONLY

Totd Initia Expenditure Total Annualized Cost
($1991) ($1991)
204.0 million 34.2 million

The analysis was expanded by progressively shedding the restrictive assumptions of forced
reformulation. First, the exceedance fee option was incorporated, taking into account that
producers may choose to pay an exceedance fee rather than reformulate if it is aless costly
dternative for them. Then, the least-cost compliance option (fee or reformulation) was compared
with benefit streams (net revenues) to determine if the least-cost option is also profitable. If the
value of the benefit stream is less than the cost of compliance, firms are assumed to remove the
products from the market as a best-response strategy. Alternative response options reduce the
cost of the regulation by approximately 20 percent for the architectural coating producers
included in the survey. Cost reductions are likely to be greater for the nonsurvey population and
are further reduced when market-level responses are factored in (see below). Most of the cost
savingsis attributable to adopting the exceedance fee, which is projected to be the compliance

option for anumber of products that are either very small in volume or have aVVOC content
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relatively closeto the limit. Because the feeis generally adopted for relatively small sources of
VOC “exceedance,” the effect on VOC emissions reductions is projected to be relatively small.

ES.3 MARKET EFFECTS

The compliance actions lead to areallocation of society’ s resources toward VOC controls,
which imposes opportunity costs directly on the producers and indirectly on other members of
society as producers act, markets respond, and prices and output change. The purpose of the
architectural coatings market analysisis to characterize the reallocation of resources and quantify
them in dollar-denominated terms to assess the distribution of costs and economic impacts of the
regulation.

The collective effect of some producers removing unprofitable products and some producers
bearing a per-unit fee on output will contract the aggregate supply of architectural coatings and
lead to changes in market prices and quantities. The optimal best-response actions and resulting
market outcomes will determine how the welfare costs of the policy are distributed across
producer groups, consumers, and the government sector.

Several scenarios were modeled for the standards. In general, market model results indicate a
very small change in baseline market conditions as aresult of the regulation. This derives from
the expectation that aggregate costs of the regulation are a small share of aggregate industry
costs. However, because there is a high degree of producer heterogeneity within the architectural
coatings sector, the costs for some producers may be large. The distribution of impacts across
affected partiesis presented in Table ES-2.

TABLE ES-2. MARKET IMPACTS SUMMARY

Aggregate Welfare Effects on.... (MM $1991)
Architectural coating producers -22.0
Architectural coating consumers -4.3
Government (fee receipts) +4.0
Net social welfare effect (“socia cost”) -22.3
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A portion of the cost for architectural coating producersis passed on to consumersin the form
of higher prices, which lowers their welfare. An important impact to consider is the effect of the
fee payments. While these payments constitute losses for the producers paying the fee (less the
amount they are able to pass on to the consumer via higher prices), these fee payments are ssimply
transfer payments to the government and therefore do not constitute a net increase in social costs.
In other words, while the fee serves as a private cost for firms that do not reduce VOCs to the
statutory limit and a continuing incentive for producers to reduce VOCs to the limit, it does not
constitute an allocation of society’s resources to a particular use as, in contrast, the allocation of
resources for reformulation does.

The net social cost estimate is substantialy lower than the annualized cost estimate under the
reformulation-only scenario described above. The market analysis demonstrates the potential for
substantial cost savings due to adopting the fee aternative and how this cost savingsislikely to
accrue especially to producers of small volume products. Moreover, this cost savingsis not

expected to have a significant impact on undercutting aggregate emissions reduction targets.

ES.4 TRAFFIC COATING USER COSTS

The economic analysis up to this point has focused entirely on the primary impacts of the
regulation, those borne directly by producers in the architectural coatings industry in the form of
higher costs and indirectly by the consumers of architectural products in the form of higher prices.
The driving force of those impacts is the requirement that, except for products subject to the
tonnage exemption, noncompliant products must either be reformulated to a compliant VOC
level, be subject to afee on the excess VOCs over the allowable level, or be withdrawn from the
market. However, this analysis considered a type of secondary impact, one that is caused by the
costs that users of a newly compliant product must incur to purchase the special equipment
necessary to apply the compliant coating. The secondary impact analysis focuses exclusively on
users of traffic marking paints, primarily government entities such as state transportation
departments, for whom the costs of switching application equipment (“striper” trucks) are

thought to be potentialy significant.
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Traffic coating user costs are summarized in Table ES-3. Costs are estimated as the
incremental cost associated with the accelerated replacement of striper trucks and are expressed
both in terms of the present value of the one-time acceleration ($53.2 million total) and on an
annualized basis ($3.7 million).

TABLE ES-3. NATIONAL INCREMENTAL COST SUMMARY FOR TRAFFIC COATING
EQUIPMENT ($1996)

Striper Type Present Vaue of Cost Annualized
Cost
Medium (see Table 4-1) $42,844,912 $2,999,144
Large (see Table 4-2) $10,393,011 $727,511
Total $53,237,923 $3,726,655

ES.5 SOCIAL COST-EFFECTIVENESS

The social cost estimates from the market analysis and the estimate of traffic coating user costs
can be used to compute measures of the social cost-effectiveness of the regulation. The
distinction of “socia” cost-effectiveness is made to illuminate the fact that the costs evaluated are
the net costs imposed on society (i.e., the net welfare costs estimated in the architectural coatings
market plus the resource costs incurred by traffic coating users to switch application equipment).

Cost-effectiveness results are summarized in Table ES-4. Emission reduction effects of the
regulation are estimated by taking the national target for VOC emission reductions from
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TABLE ES-4. SOCIAL COST-EFFECTIVENESS SUMMARY

Socia Cost Estimated Emissions Socia Cost per Mg
($1991) Reduction (Mg) ($1991)
25.6 million 103,471 247

architectural coatings and modifying that total to account for market responses (fee adoption and
changesin output levels).

This estimate alows for an evaluation of cost-effectiveness implications of the fee option.
Allowing the fee reduces social costs by about $12 million but foregoes about 1,802 Mg of
emissions reduction, about 1.7 percent of the targeted reductions. Dividing the cost savings by
foregone reductions approximates the marginal socia cost of the foregone reductions. This figure
is $6,580/Mg, which is substantialy higher than the $247/Mg average socia cost-effectiveness
measure reported above. This difference indicates that the fee's main effect is to reduce the very
most expensive emission reductions without substantially undercutting the achievement of
emissions reduction.

For external reporting purposes, the economic impacts are reported in 1996 dollars. Costs are
converted from the base year used in the analysis (1991) to 1996 using the Gross Domestic
Product (GDP) price deflator. The conversion results are presented in Table ES-5.

TABLE ES-5. CONVERSION OF SUMMARY IMPACTSTO 1996 DOLLARS

Impact Estimate $1991 $1996
Net social cost $25.6 million $29.2 million
Net social cost per Mg of emissions  $247/Mg $282/Mg
reduction
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ES.6 SMALL BUSINESS IMPACTS AND REGULATORY FLEXIBILITY
ANALYSIS

The potential for significant impacts on small businesses of the regulation arises from two

primary sources.

e Products made by small producers, on average, have a higher VOC content than the
industry average.

» The costs of reformulating products to comply with the regulation are fixed and
thereby impose higher average costs on small volume coatings.

Thefirst problem is related to small producers’ tendency to specialize in coatings categories
that are naturally higher in VOC content and to their tendency to concentrate in the “high-VOC”
end of the distribution of products within a given category. Thus, the potential for
disproportionate impacts of VOC reduction regulation on small businesses follows partly from the
fact that small businesses contribute a disproportionate amount of the aggregate VOC emissions
that are targeted for reduction.

The second problem follows from the nature of reformulation costs. A coating's formulaisthe
product of an intellectual capital investment, much like the development of a drug or a computer
software product. The cost of the investment follows directly from the level of effort necessary to
revise the formula to meet both the VOC standards imposed by the regulation and performance
standards imposed by the marketplace. Thislevel of effort is essentially independent of the
quantity of the product that is eventually sold. Therefore, the relative impacts on smaller volume
productsis, by definition, greater.

The data used in this analysis suggest that these two primary factors are relevant in the case of
small architectural coating producers. The average VOC content of the products made by the
small business producers in the survey is 75 percent higher than the average VOC content of al
products combined (see Table ES-6). A little over half of the differencein the averagesis
attributed to the specialization of small producers in high-VOC content product categories, with
the remainder attributed to the tendency for small businesses to produce higher VOC products

within each product group. Moreover, the average product volume of products made by small
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businesses is less than 20 percent of the average product volume for the entire survey population,
implying much larger average reformulation costs (see Table ES-7). Thus, without mitigating

factors, the impacts on some small businesses are potentially significant.

TABLE ES-6. BASELINE VOC CONTENT

Average VOC
Size VOC Emissions Sales Content
Category® (Mg) (kL) (9/L)
All products 344,059 1,853,623 186
Small business products 21,431 65,914 325

& The survey had 116 respondents and 36 of those identified themselves as having under $10 million in annual
sales. Twelve survey respondents did not report company size.

Source: Industry Insights. Architectural and Industrial Maintenance Surface Coatings VOC Emissions Inventory
Survey. Prepared for National Paint and Coatings Association in cooperation with the AIM Regulatory
Negotiation Industry Caucus. Final Draft Report. 1993.

At proposal, the Agency included specialized coating categories and limits designed to
preserve niche product markets. To evaluate whether further steps were still needed to
accommodate niche market coatings, the Agency requested that commenters identify any
additional specialty coatings that would not comply with applicable VOC content requirements.
The Agency aso requested comment on whether to include an “exceedance fee”’ in the final rule,
which would allow companies the option of paying afee, based on the amount that VOC content
limits are exceeded, instead of achieving the limit. In addition, the Agency requested comment on
the concept of alow volume cut-off, under which a coating might be exempt from regulation. In
the fina rule, the Agency has included the exceedance fee compliance option and a provision that
enables each manufacturer to claim as exempt a specified amount of VOC per year (known as the
tonnage exemption). Also, in response to public comments, the Agency created seven new niche
product categories and increased the VOC content limits for four product categoriesin the fina
rule. The Agency also added an extended period for compliance after promulgation to alow
additional time for reformulations. These provisions are designed to mitigate rule impacts on

small businesses' low production volumes and to allow for the preservation of several niche
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markets. However, based on the limited data available to the Agency, only the mitigating impact
of exceedance fees can be quantified.

The analysis shows that, when reformulation is the only option for compliance, the
cost/revenue ratio is estimated to be 2.5 percent on average (see Table ES-7). When the
alternative compliance options of the exceedance fee or product withdrawal are considered, the
ratio decreases to 2.0 percent (see Table ES-8). Thisratio would decrease further if the cost
effects of the additional niche product categories, use of the tonnage exemption, and reduction in
cost to reformulate due to resin supplier assistance could be specifically quantified.

TABLE ES-7. AVERAGE REGULATORY IMPACT BY FIRM SIZE—
“REFORMULATION-ONLY"” SCENARIO?

Industry Average Small Firm
Average
Revenue® ($1991) 38,990,000 4,614,000
Number of products® 42.4 275
Number of products facing major 9.9 7.8
reformulation®
Annualized reformulation cost® ($1991) 144,272 113,669
Ratio of annualized reformulation cost to revenues 04 25

(percent)

2 The survey has 116 respondents and 36 of those identified themselves as having under $10 million in annual
sales. Twelve survey respondents did not report company size.

Data for revenues and products per firm were based on data reported in Table 6-1. The number of products per
firm is based on the total number of products for which quantity data are available.

¢ This number represents two-thirds of the products over the 1998 TOS. Industry experts estimate that
approximately two-thirds of the products with VOC contents exceeding the TOS limits face a“major”
reformulation.

4 Annualized cost of reformulation is the number of major reformulations multiplied by the annualized
reformulation cost estimate per product of $14,573 ($1991).

Source: Industry Insights. Architectural and Industrial Maintenance Surface Coatings VOC Emissions

Inventory Survey. Prepared for National Paint and Coatings Association in cooperation with the AIM
Regulatory Negotiation Industry Caucus. Final Draft Report. 1993.

The Agency prepared analyses to support both the proposed and final rules that are equivalent
to those required by the Regulatory Flexibility Act (RFA) as modified by the Small Business

Regulatory Enforcement Fairness Act of 1996 (SBREFA). The Agency undertook these analyses
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because of the large presence of small entities in the architectural coatings industry and because
theinitial impact analysis indicated that there could be a significant economic impact on a
substantial number of small entitiesif mitigating regulatory options were not adopted for the rule.
After evaluating public comment on the proposed mitigating options, EPA made a
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TABLE ES-8. AVERAGE REGULATORY IMPACT FOR SMALL
COMPANIES—"BEST-RESPONSE” SCENARIO

Percent of All “Expected” Average
Constrained Survey Number of Compliance Compliance
Compliance Products Selecting Products Selecting  Cost per Product Cost
Strategy Option Strategy® ($1991) ($1991)

Reformulate 60.5% 4.7 14,573 68,767
Fee 35.5% 2.8 7,197 19,936
Withdrawal 4.0% 0.3 12,705° 3,955
Total 100.0% 7.8 11,879 92,658
Average percent of sales 2.0%

Equals average number of constrained products for small companies (7.8) multiplied by percentage of all
constrained products in the survey selecting each strategy.

Average fee cost computed by taking the average fee rate ($0.084/L), multiplying by the average size per small
company product (65,914 L), and adding the recordkeeping cost per product of $590.

Equals the average value of foregone profits for the 46 surveyed products that select the fee as the best-response

strategy.

number of changes to the proposed rule to further mitigate the rule’ s small business impacts. Asa
result, the Agency believesthat it is highly unlikely that the rule will have a significant economic
impact on a substantial number of small entities. However, in light of the Agency’ s inability to
quantify the effect of the mitigating options, the EPA has elected to conduct a regulatory
flexibility analysis and to prepare a SBREFA compliance guide to eliminate any potentia dispute
on whether EPA has fulfilled SBREFA requirements.

ES.7 EPILOGUE

Because regulatory development is an evolving process, the final Table of Standards for VOC
content limits differs dightly from the interim Table of Standards used in the analysis reported
here. The main difference between the two sets of standards is the addition of seven new
categories in the final standards and an increase in the VOC content limits for three categories.

By and large, new categories were added to accommodate specialty products that were

previoudly included in other categories with lower VOC limits. Asaresult, some products that
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would be over the limit in the previous category, thereby necessitating a compliance action
(reformulate, fee payment, withdrawal), are no longer constrained by the regulation. Therefore, in
most cases the addition of the new categories reduces the number of required compliance actions
and, as aresult, aso cuts compliance costs. In addition, raising the VOC limitsin the other
categories reduces compliance actions and costs as well.

However, one of the new product categories, concrete curing and sealing (CCS) compounds,
applies to products that were considered outside of the regulated universe in the economic
analysis presented in this report. Therefore, the costs associated with the compliance actions
required for those products are not estimated in the analysis. If they were, the cost estimate
would be larger.

Data were available to approximate cost effects for only two of the seven new product
categories. One of these was the CCS category, which allowed for an estimate of the
corresponding increase in costs just described. The other new product category for which data
were obtained is zone markings. The original 1991 emissions inventory provided data to analyze
the cost reductions due to the increase in content limits for three product categories. Taken
together, the available data allowed for quantification of a $580,000 (1991 dollars) net increase in
the estimate of annual social costs. However, thisincrease in cost must be considered against the
unquantified decrease in costs from the expected fall in compliance activity in the five other new
categories for which data were unavailable. Without additional data, it is difficult to conclude
whether the cost reductions from those categories will together outweigh the net cost increases
guantified. Given that the social cost effects quantified here are less than 3 percent of the total
estimated social costs of the regulation, factors that reduce (or reverse the sign) of these costs
lead to the conclusion that the total social cost estimate is not greatly affected by the differences
between the interim standards used in the analysis and the final standards issued in the rule.



SECTION 1
| NTRODUCTI ON, REGULATORY BACKGROUND, AND | NDUSTRY PROFI LE

1.1 | NTRODUCTI ON

Under Title | of the Clean Air Act of 1990, the U. S.
Envi ronmental Protection Agency (EPA) is devel opi ng
regul ations to reduce volatile organic conpound (VOC)
em ssions from various consuner and comrerci al products. One
of the first categories of consuner and commercial products to
be regulated is architectural coatings.

This report anal yzes the econom c inpacts of the final
architectural coating regulation. Section 183(e)(1)(B) of the
Clean Air Act Amendnents of 1990 defines a consumer or
comerci al product as

any substance, product (including paints, consuner

and comrerci al products, and solvents), or article

(i ncluding any contai ner or packagi ng) held by any

person, the use, consunption, storage, disposal,

destruction, or deconposition of which may result in

the rel ease of volatile organic conpounds.

Thus, the general purpose of the regulation is to reduce the

flow of VOCs into the atnosphere from consunption and di sposal
of products that contain VOCs. Figure 1-1 shows the

di ssi pative em ssions and the disposal em ssions into the air
that are the target of this regulation.! These emni ssions are



Figure 1-1. Conprehensive classification of em ssions from
consuner and commerci al products.

Source: Adapted from Stigliani, Wlliam M Chenical Em ssions fromthe
Processing and Use of Materials: The Need for an Integrated
Em ssi ons Accounting System Ecol ogi cal Econom cs 2(4):325-341.
1990. (Figure 2).

di stingui shed fromthe manufacturing-related em ssions that
are controlled by other forns of regulation. The regulatory
structure is presented here foll owed by an overview of the
architectural coatings industry.

1.2 REGULATORY BACKGROUND

Section 183(e)(3)(A) directs the EPA to |ist categories
of consuner or commercial products that account for at | east
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80 percent of VOC em ssions on a reactivity-adjusted basis in
ozone nonattai nment areas. The EPA divided this category |ist
into four groups and established priorities for regulation.
Architectural coatings is in the first group of categories to
be regul at ed.

The design of regulatory strategies to reduce VOCs
emtted by architectural coatings is shaped in specific ways
by the Clean Air Act as anended. Two conponents of the
| egi slation are of particular inportance:

e determning regulated entities and

e establishing best available controls.

Regul ati ons devel oped under Section 183(e) may be inposed
only with respect to “manufacturers, processors, whol esal e
distributors, or inporters of consumer or commercial products
for sale or distribution in interstate commerce in the United
States” or certain entities that supply such products to the
former Sections 183(e)(1)(C and 183(e)(3)(B). The definition
of regulated entities excludes retailers and users.

The regul ations affecting architectural coatings wll
requi re best available controls. The EPA Adm nistrator, on
the basis of “technol ogical and econom c feasibility, health,
environnmental, and energy inpacts,” will determ ne the desired
degree of em ssions reduction that

i s achi evabl e through the application of the nost

ef fective equi pnent, neasures, processes, nethods,

systens or techniques, including chem cal

reformnul ati on, product or feedstock substitution,

repackagi ng, and directions for use, consunption,
storage, or disposal. (Section 183[e][1]).

1.2.1 Requlatory Structure

One hundred sixteen architectural coatings manufacturers
responded to a survey conducted by the National Paint and
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Coati ngs Association for products manufactured and their VOC
contents.? The Architectural and Industrial Mintenance
Surface Coatings VOC Em ssions Inventory Survey (the survey)
provi des VOC content information and 1990 sales quantities by
product. Based in part on these data, EPA is pronul gating VOC
content limt standards, which manufacturers and inporters
will be required to neet in 1999. Once the regul ati on becones
| aw, manufacturers and inporters of architectural coatings
subject to the regulation nust Iimt the VOC content per liter
of coating to the standards specified for each coating product
t hey manufacture. The EPA has included an option of allow ng
manuf acturers and inporters to choose to pay an exceedance fee
instead of neeting the limt for a particular product
category. Another option manufacturers and inporters have is
to use a tonnage exenption to claima set anount of product as
exenpt fromVOC [imts. The VOC content limts are presented
in the Table of Standards (TOS) for 1999 in Section 2
(Table 2-1). The limts specified in this table were used in
this econom c inpact analysis. They cover all the major
architectural coatings categories as well as certain special
pur pose coating products for which a less stringent |imt is
granted in order for the coating to adequately performits
desi gned purpose (e.g., high-tenperature coatings).
Architectural coatings manufacturers who choose to pay a
fee on their products that do not neet the standards will pay
the fee on the VOC content of the product that is in excess of
the limt.2 The fee rate is $2,500 (1996 dollars, adjusted to
$2,200 in 1991 dollars) per netric ton (My) of excess VCCs.
Fees will be paid sem -annually and will be placed in a
“special fund” specified under Section 183(e). |If EPA is able
to obtain these funds through a subsequent Congressi onal

aExcess VOCs are defined as the maxi num VOC content of the coating,
as applied, in grams per liter of coating, |ess water and exenpt conpounds,
m nus the applicable VOC standard.
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appropriation they may be used by the Adm nistrator to support
the adm nistration of the regulation or to pronote additional
VOC em ssion reductions fromarchitectural coatings through

t echnol ogi cal devel opnent grants, award prograns, or other
nmeans.

This report includes an overview of the architectural
coatings industry, products, and technol ogi es and an anal ysi s
of the econom c inpacts on the affected entities and the
industry as a result of the TOS VOC content limts, exceedance
fees, and tonnage exenption. An econon c nodel of the
architectural coatings industry is developed to obtain
estimates of the potential price and quantity changes
associated wth the regulation. |In addition, a Regul atory
Flexibility Analysis is conducted, which estimates the inpacts
of the regulation on snmall businesses and presents
alternatives that may be inplenented to mtigate those
i npacts.

1.3 | NDUSTRY PROFI LE

This profile of the architectural coatings industry
descri bes commodities and VOC content, demand for
architectural coatings, production of architectural coatings,
and industry conditions.
1.3.1 Commodities and VOC Cont ent

The “architectural coatings” regulation applies primrily

to products that the U S. Census Bureau al so categorizes as
architectural coatings, but sone products in the Census
categories of special purpose coatings and m scel | aneous
allied paint products are affected as well.® Unless otherw se
indicated, the term“architectural coatings” is used
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t hroughout this report to indicate the entire group of
regul at ed products. Product categories covered under the
regulation are listed in Table 1-1.% The products are grouped
into the three Census categories in which they are found.? As
i ndicated, the largest quantity of regulated coatings is
included in the architectural coatings category, but sone
coatings are classified with the special purpose and allied
pai nt products categories, which also include other products
not covered by this regulation such as marine paints and
putty.

Exanpl es of Census-defined architectural coatings, all of
whi ch are represented in Table 1-1, include exterior and
interior organic solventborne and waterborne tints, enanels,
undercoats, clear finishes, stains, and architectural
| acquers. These coatings are used for general purpose on-site
application to residential, comercial, institutional, and
i ndustrial structures. They are intended for ordinary use and
exposure and provide protection and decoration.

Speci al purpose coatings are simlar to architectural
coatings in that they can be classified as stock or shelf
goods, rather than fornulated to customer specifications, as
are CEM coatings. The difference is that they are fornmul ated
for special applications or environnmental conditions such as
extrenme tenperatures, chem cals, funmes, fungi, or corrosive
condi ti ons.

VOC content varies substantially between specific types
of coating products. Most of this variety is due to the type
of solvent used in the coating and the ratio of the solvent to
other ingredients in the forrmulation. Based on the 1990

®See Appendi x A for a detailed explanation of products for regulation
and their correspondi ng Census classification.
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TABLE 1-1. AVERAGE VOC CONTENT FOR ARCHI TECTURAL COQOATI NGS TO
BE COVERED BY REGULATI ON

Sal es- Wi ght ed Average VOC Cont ent

(g/L)
Pr oduct Category Organi ¢ Sol vent Wat er bor ne
Architectural coatings
Exterior flat architectural coatings 336 68
Exterior nonflat architectural coatings 404 76
Interior flat architectural coatings 315 48
Interior nonflat architectural coatings 413 74
Semi transparent stains 527 85
Opaque stains 429 56
Under coat er s 379 41
Prinmers 374 48
Seal ers 607 41
Wat er proofing seal ers, clear 659 200
Wat er proofi ng seal ers, opaque 242 a
Qui ck dry undercoaters, prinmers, and 441 31
seal ers
Bi t um nous coati ngs 290 4
Hi gh performance architectural coatings 431 113
Roof coatings 269 28
Lacquer 667 300
Var ni sh 481 143
Speci al purpose/industrial maintenance
Coat i ngs
Swi nmi ng pool coatings 554 a
Dry fog coatings 365 149
Mastic texture coatings 278 107
Metal Iic pigmented coatings 461 a
Fire retardant coatings a 23
Antigraffiti 577 131
Concrete curing conpounds 717 71
Form rel ease conpounds 601 a
Graphic arts coatings 386 42
Hi gh-tenperature coatings 560 a
I ndustrial maintenance coatings 392 112
Mul ti col ored coatings 321 a
Pretreat ment wash prinmers 718 a
Sandi ng seal ers 531 192
Shel | acs 539 a
Traffic marking paints 398 85
Al lied paint products
Bel ow ground wood preservatives 541 a
Sem transparent wood preservatives 591 67
Cl ear wood preservatives 493 419
Opaque wood preservatives 446 a

@ Sal es-wei ghted average VOC content not avail abl e.

Source: Industry Insights. Architectural and Industrial Mintenance Surface
Coatings VOC Enmi ssions Inventory Survey. Prepared for the National Paint
and Coatings Association in Cooperation with the Al M Regul atory
Negotiation Industry Caucus. Final Draft Report. 1993.

1-7



survey data collected, the sal es-wei ghted average VOC contents
for surveyed coating products are listed in Table 1-1.¢5
1.3.2 Denand for Architectural Coatings

1.3.2.1 Conceptual View of Coating Decision. The denmand
for architectural coatings derives fromthe demand for the

treatment of architectural surfaces. Surface treatnent
services include not only coating treatnent, but also
noncoating treatnent alternatives such as wal |l paper or
exterior siding. Wile the choice anong coating alternatives
i s enphasi zed below, it is inplicitly recognized that the
substitution between coating and noncoating surface treatnents
i's possible as well.

The coatings thensel ves are an input into the production
of surface treatnment services, the final product of interest.
Each surface possesses certain attributes that affect the
demand for surface treatnment. These include surface materi al
(substrate), age, exposure (e.g., weather, chemcals), and
ot her physical factors that intrinsically affect the relative
performance of treatnent alternatives.

In an econom ¢ deci si onmaki ng context, we think of the
owner of the surface as seeking to maximze the utility
derived fromthe services provided by the surface (i.e.,
shel ter, decoration, etc.). Let process i indicate the
activity of treating a surface defined by the attributes
above. Through this process, |labor, capital, and materials
are enployed to treat the surface. Thus we can characterize

cSal es-wei ght ed average VOC content is

jb(V(I:Cbntent)i"(Sales)

i=1

ib(Sales)
i-1

where VOC content is equal to the percentage by weight, sales are neasured
i n pounds per year, and n equals the nunber of product categories.
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the production of a unit of surface treatnent through process
i as follows:

Q = AL K X)

where Q is the surface area unit (e.g., 1,000 ft? treated
using process i and L, K and X are the quantities of |abor,
capital, and material (e.g., coatings) used to produce Q.

For the processes that include coatings application,
assune there is a fixed proportions rel ationship between each
i nput and out put, determ ned by the type of coating being
used. For exanple, process Arequires 1 gallon of coating A
40 hours of labor, and 10 units of capital to cover a unit
area of a given surface type. Therefore, for a given set of
input prices, there is a (constant) per-unit cost of
treatment. Costs of noncoating alternatives can be simlarly
conputed. Considering all n possible treatnent alternative
for a given surface generates an array of costs (C,GC,...,G).

Each owner/consunmer places a subjective value on the
out cone of each treatnent alternative. This value derives
fromsuch factors as innate preferences for the visual appeal
of treatnent alternatives and perceptions of the structural
quality and durability. For exanple, consuner A may prefer
the |1 ook of glossy solvent-based coatings to flat water-based
coatings and/or nmay perceive other differences in product
quality. The consuner explicitly or inplicitly nonetizes
t hese preferences, and the associated nonetary val ues for each
of the n alternatives conprise the array of perceived benefits
for (B,B,...,B,).

I n eval uating the choice anong treatnent alternatives,

t he consuner wei ghs each alternative s nonetized benefit, B,
agai nst the cost of treatnent, C. The subjective payoff from
each alternative can be expressed as



The consuner maximzes utility with respect to the
surface treatnment choice by selecting the alternative with the
hi ghest payoff. This of course presunes that at |east one of
the payoffs is not negative. |If all potential payoffs are
negative, the consuner is better off by choosing no surface
treatnment at all.

1.3.2.2 Substitution Effects.

The purpose of this discussion is to describe how

consunption choices may change in response to any price
effects of the regulations. |If the regulations induce a
change in the price schedule of various architectural
coatings, the unit costs of treatnment alternatives wll be
directly affected. Furthernore, the regul ations may i nduce a
change in the structural characteristics of the coating that
alters the application technology. For exanple, a different
VOC content may change the volunme of the coating that nust be
applied and the amount of |abor and capital necessary to
achi eve the sane surface area treatnent; consequently, the
technol ogi cal paraneters may change with the new VOC
requi renents. Therefore, treatnent costs will be affected
jointly by what we call the factor price effect and the
technol ogy effect. |If, for exanple, the VOC-content
regul ations would raise the price of the affected coatings and
reduce the technol ogical efficiency of the treatnent process
(e.g., nore coats necessary), then both the factor price
effect and technol ogy effect would conbine to increase the
cost of the affected treatnent alternatives, generating a new
set of treatnent costs (C’',...,C’). Alternatively the new
formul as could inprove technical efficiency, but at a higher
cost and the net effect on price would be unknown.

VOC- content regul ations may al so affect consuner
val uation of the treatnent alternatives through a change in
visual characteristics and altered perceptions of quality or
durability. These changes generate a new set of subjective
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values for the treatnent alternatives of (B,,...,B’). As a
result, evaluating the new arrays of benefits and costs
produces a new array of treatnent payoffs, (B, ...,B,)). The
consuner can again be expected to select the treatnent
alternative with the highest payoff. This situation may
produce a different optinmal selection than the no-regul ation
case. The consuner may in fact choose a noncoating
alternative or no-treatnent alternative, where coating
treatment woul d be sel ected w thout the regulation.

1.3.2.3 Aggregate Denand.

If all consuners’ preferences were identical and al

surfaces to be treated possessed the sanme characteristics, the
consuner choi ce nodel above would predict only one optinal
type of surface treatnent throughout the econony. A wde
array of treatnents and coatings are actually applied,

however, indicating a variety of surfaces with different
characteristics as well as individual preferences that vary
across coONnsurmers.

Aggregating over all consuners and all surfaces, we can
see how the regul atory changes can induce substitution anong
treatnent alternatives and changes in aggregate denand for the
af fected coatings. These aggregate changes in denand and the
associ ated effect on consunmer welfare are the focus of this
st udy.

1.3.2.4 Coating Users. Users of coatings can be divided

into two groups: professionals and nonprofessionals. The
nonprofessional is typically a “do-it-yourselfer” who
purchases only a small amount of coatings each year. The
application of coatings by nonprofessionals is |imted
primarily to residential architectural coatings. Professional
users of coatings nmay be professional painters or contractor/
bui |l ders. These professionals apply coatings to a broad array
of surfaces in residential, comercial, institutional, and
industrial settings. Table 1-2 shows that in 1991
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do-it-yourselfers purchased two-thirds of all residential
architectural coatings.® It seens reasonable to assune that
contractors purchased all of the nonresidential architectural
coatings and thus accounted for 60 percent of the use of all
architectural coatings.

TABLE 1-2. CONSUMERS OF ARCHI TECTURAL COATI NGS

Per cent age of Tot al
Gallons in 1991 (%

Resi denti al

Do-it-yourselfers 41

Contractors 19
Nonr esi denti al 2 40
Tot al 100
a Commercial, institutional, light industri al

Source: National Paint and Coatings Association. U S. Paint Industry Data
Base. Menlo Park, CA, SR International. 1992.

1.3.3 Production of Architectural Coatings
1.3.3.1 Raw Material Inputs. Coatings conprise four

basic types of materials: pignment, resin (binder), solvent,
and additives. Pignent is the solid conponent consisting of
uni formparticles of a controlled size that are insoluble in
the vehicle (the liquid portion of the coating). Pignents are
used in coatings to decorate and protect and as fillers.’
Pi gnmentation, although it varies depending on desired
properties, is simlar in both waterborne and sol vent bor ne
formul ati ons.

Filmformng binders surround and hold together the
el ements of the coating filmand nmake up the nonvol atile
portion of the vehicle. Resins aid in adhesion; determne the
cohesiveness of the dried film affect gloss; and provide
resi stance to chemcals, water, and acids. Natural and
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synthetic resins and oils, along wwth certain additives such
as driers and plasticizers, serve as binders in coatings and
are one of three types: nultiuse resins (acrylics, vinyls,
ur et hanes, pol yesters); thernoset resins (al kyds, epoxies);
and oils (drying oils, bodied oils).

The vehicles in organic sol ventborne and wat er borne
paints differ not only by the type of resin used, but also in
the way they forma filmand dry (or cure). Al kyd paints are
oxidizing filmformers in which the drying oils react with the
oxygen in the air when the paint dries. The chem cal reaction
bi nds the nol ecul es of the vehicle into a hard, dry film
Al kyd coatings continue to oxidize |long after they dry and
eventual ly provide a rock hard surface. Latexes consist of
tiny, heat-sensitive plastic particles (latex) that are
di spersed but not dissolved in water along with the pignent.
As the water evaporates, a |layer of closely packed plastic
particles and pignent is left behind. The softened plastic
particles then | ose their shape and nol ecul es di ffuse and
reattach to forma binding film?® The chemi cal
characteristics of |atex and al kyd paint influence sone of
their characteristics, such as gloss and resistance to
bl ocki ng and water. Heat-sensitive plasticizers in |atex
pai nt cause the residual tackiness called blocking, which is
nore of a problemin glossy |latex paints where the ratio of
resin to pignent is higher. Precise control of particle shape
and size in the filmfornmer is necessary to increase gl oss.
The plastic nmesh al so breathes better, allow ng water and air
to pass through it. The oxidizing process of al kyds forns a
snmooth (thus glossier), watertight skin of hardened resin that
provides durability and water resistance.
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Petroleumdistillates in al kyd paints and water in |atex
paint function as the carrier, or volatile vehicle, that
di sperses the pignent and resin and provides the necessary
fluidity for applying the coating. Basically there are two
types of solvents: water and organic. |In alkyd paints
organi ¢ sol vents dissolve the conponents of the filmforner,
keeping themin solution. In latex paints, water separates
and suspends the droplets of filmformer. Follow ng
application, the evaporation rate of the particular solvent
controls the rate at which the filmfornms, |eaving the pignent
and resin bonded to the surface. Latent sol vents, which
di ssolve the filmfornmer when conbined with true solvents, and
di luents may be added to the true solvent.® Diluents can be
bl ended with the dissolved solution to extend the true and
| atent solvents. Water is the true solvent used in |atex
paints but may function as a diluent in al kyd fornul ati ons.
Three types of organic solvents are used in coatings:
hydr ocarbons (aliphatic, aromatic); oxygenated sol vents
(al cohol s, esters, ketones, glycol ethers); and chlorinated
solvents (1,1, 1-trichloroethane, nmethyl chloroform.®
Architectural solventborne paints are mainly fornulated with
al i phatic hydrocarbons.

Additives are used in relatively small anmounts in both
organi ¢ sol vent borne and wat erborne formul ati ons to provide
addi ti onal necessary properties or augnment the properties of
other inputs. They may be added to the filmforner, solvent,
or pignment. Waterborne paints in particular may use additives
such as agents to reduce foam ng or bubbling of paint when it
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i s shaken and applied; wetting agents, which can inprove

pi gnent di spersion or adhesion; freeze-thaw agents, which
reduce the tenperature at which the paint will freeze to
prevent coagul ati on; and coal escing agents, which aid the flow
of the latex particles to forma nore continuous film? VOC
contents in |latex paints (4 to 10 percent, or 50 to 200 g/L)
are due to the additives used.!? Solvents such as al cohols and
et hyl ene glycols are added as co-sol vents to waterborne

formul ations. They are often necessary to allow the plastic
particles to soften and be nobile enough to bind into a
continuous film?

The additives used in the | argest volune are thickeners,
fungi ci des and preservatives, plasticizers, and defoaners.
Figures 1-2 and 1-3 show the principal raw materi al
i ngredi ents di scussed above as they are used in organic
sol vent borne and wat erborne coating fornul ati ons.

1.3.3.2 Fornmulations. One of the distinguishing
characteristics of each coating is the relative anount of the
three main material inputs contained in the coating: pignment,
bi nder, and solvent. D fferent formulations, particularly
different ratios of pignentation in the dried filmto total
vol une of the dried film (pignment-volunme concentration), wll
lead to correspondingly different protective and decorative
functions.® For exanple, a coating designed to hide surface
irregularities (like a mastic texture coating) has a higher
pi gnent - vol unme concentration than a gl oss varni sh whose
decorative function is to inpart a shiny transparent or sem -
transparent coating. Low pignent-volume concentrations have
an increased resin content and in general have high
durability, gloss, and washability. The ratio of solvent to
nonvol atil e conponents (“solids”) also characterizes types of
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Figure 1-2. Inputs generally used in the manufacture of a
sol vent bor ne coati ng.

Figure 1-3. Inputs generally used in the manufacture of a
wat er bor ne coati ng.
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coatings.? Penetrating stains have a | ow solids-to-sol vent
rati o, and, when the sol vent evaporates, virtually no filmis
| eft behi nd.

Figure 1-4 shows typical formul ations and average VOC
contents for a few architectural coatings.!® The coatings in
Figure 1-4 with higher solvent content al so have hi gher VOC
content. A low solids-to-solvent ratio, as with
sem -transparent stain, is associated with high VOC content in
coatings with organic solvents because VOCs are contai ned
al nost exclusively in the solvent portion of the coating. Two
ways to reduce the anmount of VOCs rel eased fromcoatings are
to increase the solids-to-solvent ratio and to substitute
water for an organic sol vent.

1.3.3.3 Munufacturers’ Substitution Options and New
Technol ogi es. Mnufacturers face two substitution

possibilities to reduce VOC em ssions fromcoatings. They may
refornmulate the coating to increase the solids-to-sol vent
ratio. Alternatively, manufacturers may refornul ate the
coating so that it contains the sane anobunt of sol vent but
emts fewer VOCs during application (i.e., substitute water
for an organic solvent). Certain coatings such as interior
flat wall paint, interior sem gloss, and exterior house and
trimpaint have been fornul ated using water for several years.
Bet ween 1950 and 1980, waterborne coatings replaced

approxi mately 70 percent of solventborne coatings. The
performance of latex paints often neets and even exceeds al kyd
counterparts; therefore, manufacturers may choose to

di sconti nue organi c sol ventborne paints in these product

cl asses.

dNonvol atil e conponents are often referred to as the “solids” portion
of the coating, which includes pignments, resins, and other additives,
al t hough resins are not really solid until the filmfornms and are
consi dered part of the nonvolatile vehicle, or liquid portion of the
formul ati on.
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Figure 1-4. Approxi mate vol une relationships of
coating ingredients.

Not e: VOC content in grans per liter fromTable 1-1.

Sour ce: VWhittington, Trevellyan V. Paint Fundanentals. In Paint
Handbook. @uy E. Weismantel (ed.). New York, McGawHII.
Pp. 1-1 to 1-23. 1981. (Adapted fromFigure 1.4)

O her products, including stains, clears, high-gloss
enanel s, outdoor varnishes, and sone special purpose coatings,
are nore difficult to refornmulate. According to a 1990
article, clear coatings have two problens associated with
them waterbornes are transparent to UV radi ati on, whereas
organi ¢ sol vent bornes absorb UV rays thus protecting the
substrate; and waterborne acrylic polyners are not strong
enough.® Quality performance in refornul ated products is
currently possible, but the cost may be very high.'® As new
t echnol ogi es becone nore refined, new resin systens, such as
al kyd systens once used only in solventbornes, will be used in
nmore coatings, so prices will becone nore conpetitive.
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Hi gh solids content formulation is an alternative
technol ogy to waterborne fornul ati ons that manufacturers have
enpl oyed to reduce VOC em ssions fromcoatings. A high solids
coating is fornulated wwth a high solids-to-solvent ratio.¢®
Since a smaller percentage of solvent is contained in the
coating, fewer VOCs are rel eased during application.
Tabl e 1-3 shows exanpl e reduced sol vent contents of three
different types of reformul ated organi c sol vent borne
products. 2

TABLE 1-3. PERCENTAGE OF SOLVENT | N CONVENTI ONAL AND
REFORMULATED ORGANI C SOLVENTBORNE COATI NGS

Conventi onal Sol vent Ref or nul at ed Sol vent

Pr oduct Content (% Content (%
Interior sem gl oss 60 47
Cl ear coatings 55 — 62 35 - 37
St ai ns 72 — 85 30 — 35

Source: Bakke, Tinmothy O Cean Air Paints. Popular Science. 237:85
August 1990.

D sadvant ages noted in the past of higher solids organic
sol vent borne paints include increased viscosity, |onger drying
tinme, reduced durability, and generally higher prices.#

Ref or mul at ed organi ¢ sol vent bornes may be thicker, which would
make them harder to apply and extend drying tinme, but they may
of fer greater protection. Durability may be conprom sed
because of the reduced strength of shorter chain al kyd

nol ecul es substituted for | onger chain nolecules to inprove
flow 22 Reformul ated al kyd products can offer sonme advant ages
however. Durability may be traded for flexibility, which
provi des increased resistance to cracking and peeling.

Preseal ers may not be necessary for wood substrates because

®Not e that the definition of high solids varies by coating type.
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the thicker coatings penetrate nore evenly. Reduced VOC
em ssions, |ower odor, and reduced toxicity and flammuability
are other benefits.

Raw mat eri al suppliers are expandi ng and i nprovi ng upon
exi sting technol ogies to neet demand for performance in new
wat er borne and high solids fornulations. Solvents for use in
wat er borne formulations (i.e., glycol ethers) and high solids
(keytones, esters) are replacing many of the hydrocarbon
sol vents used in solventborne formul ations. Resins are being
devel oped with a goal toward inproved performance in new
| ow-VOC formul ations; simlarly additives are being devel oped
to inprove flow and | eveling characteristics of the new
resins. Additional |ow VOC technol ogies are reactive diluent
t echnol ogy, radiation curing technol ogi es, and powder
coatings, which currently are mainly used in manufacturing
appl i cations.

1.3.4 |Industry Conditions
1.3.4.1 Shipnents and Manufacturer Specialization. In

1991, the architectural coatings segnent of the paint and
allied products industry shipped $4,881.9 million in
potentially regul ated products (Table 1-4). 23242526 2728 29, 30,31, 32
The val ue of shipnents steadily increased by approxi mately

59 percent between 1981 and 1991, with a slight decrease

bet ween 1990 and 1991. The strong construction market

t hroughout the 1980s hel ped contribute to this growth, but the
i ndustry as a whole was generally considered to be maturing in
the early 1990s.3% |In 1991, the size of the architectura
coatings conponent relative to the total coatings industry was
37.8 percent. New products are inportant to the paint and
allied products industry, because growth for individual
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producers is predicted to cone from nmarket share expansi on,
new product introductions, and inprovenents in established
products. 3

Sales in the architectural sector generally reflect
activity in house redecoration, maintenance and repair, as
wel | as sal es of existing hones, new honme building, and, to a
| esser extent, commercial and industrial construction. Anong
interior and exterior architectural coatings, the waterborne
coatings market dom nates the sector and experienced a |arger
percentage increase in growh than did organic sol ventborne
coatings. Interior waterbornes grew the nost, 88.4 percent
from 1981 through 1991. 1In 1991, 76 percent of interior
coatings and 57.6 percent of exterior coatings were
wat erborne. Partly in response to environnental regulations
aimed at the reduction of VOC em ssions, the industry has
shifted from manufacturing conventional organic sol ventborne
paints in favor of paints with high solids-to-solvent ratios
and wat erborne and sol ventl ess paints.® However, nuch of this
trend has al so been driven by consuner denand.

Al though the historical Census data do not identify val ue
of shipments for paint products within the four product
cl asses, other sources indicated that the magjority of interior
wal | and exterior siding paint jobs use waterborne
products. 3.3 Therefore, the exterior and interior solvent-
borne shares probably account for mainly coatings used on
exterior and interior trim floors, decks, and high-gloss
enanel s.

I ndustrial new construction and nai nt enance paints and
traffic marking paints are classified by the Census as speci al
pur pose coatings, which conprised 22 percent of the total
coatings market in 1991. WMarket shares for industrial
mai nt enance and traffic marking paints wthin the special
pur pose segnment were 28 percent and 4.6 percent, respectively.
Growt h prospects for this segnent are expected to be above
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average, especially for industrial and machi nery nai ntenance
coat i ngs.
For all conpanies classified in the paints and allied
products industry in 1987, 98 percent of their val ue of
shi pnents was generated fromthe manufacture of paints and
allied products (Table 1-5).73° Only 3 percent of the val ue of
paints and allied products shi pped were manufactured by
conpani es outside the industry. The top three secondary
producers of paint and allied products account for about half
t he val ue produced as secondary products in other industries
and are shown in Table 1-6: adhesives and seal ants, plastics
materials and resins, and printing ink.* Because coating
products often function as seal ants, the adhesives and
seal ants industry is a |ogical secondary producing industry.
1.3.4.2 Conpany Size and Industry Structure.

I nformation on industry structure is highly dependent on one’s
definition of the industry in question. The data used in this
di scussion apply to the entire Paint and Al lied Products
| ndustry (SIC 2851). As indicated above, architectural
coatings account for just under 40 percent of industry
shi pnments. Unfortunately, the industry structure data are not
avai l able for the architectural coatings conponent of the
i ndustry. Therefore, the information presented here may not
al ways accurately reflect the structure of the architectural
coatings sector.

In 1987, the paint and allied products industry conprised
1,121 conpanies owning a total of 1,428 establishnents
(Table 1-7).4-42 Single establishments were held by
approximately 77 percent of the conpanies, and they had an

fIndustry statistics, unless otherwi se noted, include figures for all
segnents of the paint and allied products industry, not just those to be
regul at ed.

1-23



TABLE 1-5. NUMBER OF COVWPAN ES, ESTABLI SHMENTS, AND PRCODUCER
SPECI ALI ZATI ON—PAI NT AND ALLI ED PRODUCTS: 1987

Product
I ndustry d ass
Primary Total Made
I ndustry/ Nurber of Pr oduct Cover age in Al
SIC Primary Nurmber of Establish- Specialization Rati o I ndustries
Code Product C ass Conpanies ment s Ratio (9?2 (H°® ($10°9)
2851 Paints and 1,123 1,426 98 97 12,078.8
allied
products
28511 Architectural 282
coatings
28513 Speci al 131
pur pose
coati ngs

@ Value of primary products for the industry divided by the sum of the val ue of
primary products produced by the industry and the value of secondary products
produced by the industry.

® Value of primary products for the industry divided by the total val ue of
products for that industry produced in any industry.

Source: U.S. Department of Commerce. 1987 Census of Manufactures, |ndustry

Series: Paint and Allied Products. Washington, DC, Governnent Printing
O fice. 1990.

average val ue added of $1.1 mllion. The multiestablishnent
conpani es had an average val ue added of $20.4 mllion and
produced al nost 85 percent of the total value added for the

i ndustry. Also shown in Table 1-7, the 50 | argest conpanies
in 1987 produced 66 percent of the total value of shipnents
for the industry. Data fromthe Small Business Adm nistration
(SBA) indicate that in 1991 there were 1,152 conpani es and
approxi mately 98 percent of those were classified as snal

busi nesses as defined by having fewer than 500 enpl oyees. *
Figure 1-5 displays the location of manufacturing
establishnments in the paint and allied products industry by
state.* California has the greatest nunber, 201, followed by
[1linois with 118. Paint manufacturing is fairly well
represented in nost states east of the M ssissippi River.
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TABLE 1-6. COMMODI TY PRODUCTI ON | N 1982: PAI NT AND ALLI ED

PRODUCTS
(SI C 2851) Pr oduci ng Val ue? Per cent age
Product Exanpl es I ndustries ($109) Produced
Interior and exterior Primry 8,243. 3 96.5
pai nt, | acquers, and
var ni shes; OEM All secondary
coatings; industrial producers 303. 2 3.5
new constructi on and
mai nt enance paints, Al | producers 8,546.5 100.0
traffic paints,
autonotive refinish
paints, marine paints, Top three 142.6 1.7
aerosol coatings, secondary:
pai nt and varni sh Adhesi ves and 68. 8 0.8
renovers, thinners, seal ants
putty and gl azi ng Pl asti cs 45. 8 0.5
conmpounds, brush materi al s 28.0 0.3
cl eaners and resins
Printing ink
Al l ot her secondary 160. 6 1.9

producers

a Measured at producers’ prices.

Source: U.S. Department of Conmerce. The 1982 Benchmark I nput - Qut put
Accounts of the United States. Washi ngton, DC, Government Printing
Ofice. 1991.

In the 1980s, consolidation was a major trend in the
paint and allied products industry. The maturity of the
i ndustry and increased technology requirenments are factors
contributing to the restructuring. A |arge nunber of nergers
and acqui sitions took place in response to pressure fromthe
hi gher cost of paint ingredients, intense industry
conpetition, conpliance with governnent regul ations, and | ow
profit margins.* Qher conpanies divested their paint and
coating operations to focus on other businesses or as an
alternative to making the capital and research and devel opnent
(R&D) commtnents required to remain conpetitive. The nunber
of coating manufacturers and the nunber of establishnents
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operated by these manufacturers has decreased. As indicated in
Table 1-8, from 1972 to 1991, the nunber of conpanies
decreased by 12 percent, and the nunber of manufacturing
establ i shnents decreased by over 20 percent.

TABLE 1-8. NUMBER OF COVPANI ES AND ESTABLI SHVENTS | N THE
COATI NGS | NDUSTRY, SELECTED YEARS, 1972-1991

Nunmber of
Year Est abl i shment s Nunber of Conpani es
1972 1,599 1, 317
1977 1,579 1, 288
1982 1, 441 1,170
1987 1, 426 1,123
1991 1, 4002 1, 0302
% change 1972-1991 -12. 4% -21.8%

a 1991 figures are from Finishers’ Managenent. The U S. Paint and
Coatings Industry. pp. 23-25. April 1991.

Source: U.S. Departnment of Conmerce. 1987 Census of Manufactures,
Industry Series: Paints and Allied Products. Washington, DC,
Governnment Printing Ofice. 1990.

On average, 35 to 40 nergers or acquisitions took place
each year in the coatings industry in the late 1980s and early
1990s.4” A transaction involves the transfer of production
capacity from one conpany to anot her but does not necessarily
i ndicate the dissolution of the conpany nmaking the transfer.
The selling conpany could sell only a division or product |ine
and remain in business. Sone of the |arger acquisitions
reported in trade journals, by the press, and in conpanies’
annual reports are listed in Table 1-9.48
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TABLE 1-9. ACQUI SITIONS I N THE COATI NGS | NDUSTRY: Cl RCA 1990

Sel l'i ng Conpany Acqui ri ng Conpany Di vi sion Sol d
DeSot o Sherwin WIIians Consumer Pai nt Operation
Wi tt aker Corp. Morton International Specialty Chem cals

Oper ati on
Azko Coati ngs Rel i ance Uni ver sal Buyout
I nc. I nc.
DeSot o Val spar Coil Coatings Operation
C or ox Co. PPG I ndustries, Inc. dynpic and Lucite
fini shes
Source: Loesel, Andrew. Coatings Industry Faces New M x. In Chem ca
Mar keting Reporter. 238(18):SR3-SR8. New York, Schnell Publishing
Co. 1990.

Most of the | arger conpani es produce architectural,
ori gi nal equi pnent manufacturer (CEM, and special purpose
coatings. Several of the |largest coatings producers are
chem cal corporations; however, paint manufacturing represents
only a small part of their overall business.* |n 1991, nerger
activity slowed down and left the industry basically divided
into two groups: a few, well-financed and highly diversified
mul ti nationals and a | arge nunber of regional paint
conpani es. %
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10.

11.
12.

13.

Stigliani, Wlliam M Chem cal Em ssions fromthe
Processing and Use of Materials: the Need for an

| nt egrated Em ssions Accounting System Ecol ogi cal
Econom cs 2(4):325-341. 1990. (Adapted fromFigure 2).

| ndustry Insights. Architectural and Industri al

Mai nt enance Surface Coatings VOC Em ssions |Inventory
Survey. Prepared for the National Paint and Coati ngs
Association in cooperation with the Al M Regul atory
Negotiation Industry Caucus. Final Draft Report. 1993.

U S. Departnent of Commerce. 1987 Census of

Manuf actures, Industry Series: Paints and Allied
Products. Washington, DC, Governnent Printing Ofice.
1990.

Ref. 2.
Ref. 2.

Nat i onal Paint and Coatings Association. U S. Paint
I ndustry Data Base. Menlo Park, CA SRl International.
1992.

Whittington, Trevellyan V. Paint Fundanental s. In Paint
Handbook, Guy E. Weisnmantel (ed.). New York, MG aw
HIll. Pp. 1-1 to 1-23. 1981

Beno, J., W Brown, and F.P. Obst. Formulating and Usi ng
Wat er Based Thernopl astic Resins for Wood Finishing. In
Proceedi ngs of the N neteenth Wter-Borne, H gher-Solids,
and Powder Coatings Synposium Robson F. Storey and
Shel by F. Thames (eds.). University of Southern

M ssi ssi ppi, Departnment of Polyner Science. Pp. 626-638.
1992.

Singer, Elias. Raw Materials. |In Paint Handbook, Guy E.
Wei smantel (ed.). New York, MGawHilIl. Pp. 3-1to
3-22. 1981.

Rauch Associ ates, Inc. The Rauch Guide to the U S. Paint
| ndustry. Bridgewater, NJ, Rauch Associates, Inc. 1990.

Ref. 9.

Kenezis, Paul. Wit-and-See Stance Taken on Zer o- VOC
Architectural Paints. Chem cal Wek. Pp. 52-53.

Cct ober 1992.

Ref. 8.

1-30



14.
15.
16.
17.
18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ref . 10.

Ref. 7.

Ref. 7. (Adapted fromFigure 1.4).

Ref . 10.

Bakke, Tinmothy O Clean Air Paints. Popul ar Science.
237:85. August 1990.

D Am co, Esther. Waterborne Systens Gai ning Niche By

Ni che. Chem cal Marketing Reporter. 238(18): SR20- SR28.
1990.

Ref . 18.

Ref . 18.

Ref . 18.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1982. Washi ngton, DC
Government Printing Ofice. 1983.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1983. Washi ngton, DC
Government Printing Ofice. 1984.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1984. Washi ngton, DC
Government Printing Ofice. 1985.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1985. Washi ngton, DC
Government Printing Ofice. 1986

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1986. Washi ngton, DC
Government Printing Ofice. 1987

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1987. Washi ngton, DC
Government Printing Ofice. 1988.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1988. Washi ngton, DC
Government Printing Ofice. 1989.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1989. Washi ngton, DC
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31.

32.

33.

34.
35.
36.

37.

38.

39.
40.

41.

42.

43.

44.

Government Printing Ofice. 1990.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1990. Washington, DC
Government Printing Ofice. 1991.

U S. Departnent of Commerce. Current Industrial Reports:
Paints and Allied Products, 1991. Washi ngton, DC
Government Printing Ofice. 1992.

OReilly, R chard. Product Devel opment Drives Market
Gowh. 1In: Standard and Poor’s Industry Surveys:
Chem cals Current Analysis. Pp. C40-C43. New York,
Standard and Poor’s Corporation. 1991.

Ref. 33.
Ref. 33.

Johnson, Duane. The Best Paint for the Job. Famly
Handyman. 42:18. June 1992.

Consuner Reports Magazine. Interior Latex Paints,
p. 333. May 1991.

Nat i onal Pai nt Coatings Association. The Househol d Pai nt
Sel ector. New York, Barnes and Nobl e Books. 1975.

Ref. 3.

U S. Departnent of Commerce. The 1982 Benchmark | nput -
Qut put Accounts of the United States. Washington, DC
Government Printing Ofice. 1991.

U S. Departnent of Commerce. Census of Mnufactures,
Subj ect Series: Type of Organization. Wshington, DC
Governnment Printing Ofice, February 1991.

Source for Percentage Accounted for Data: U S.
Departnent of Comrerce. 1987 Census of WManufact ures,
Concentration Ratios of Manufacturers. Washington, DC
Government Printing Ofice. 1992.

Tel econ. Lindsay, Sam Snall Business Adm nistration,
wi th Denpsey, Jenny. Research Triangle Institute,
July 6, 1993.

U S. Departnent of Commerce. 1987 Econom c Censuses.
Vol unme 1, Report Series, Release 1D. Census of

Manuf actures: Location of Manufacturing Plants. file
MC87LMCO.  1991.
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45.
46.
47.

48.
49.

50.

Ref. 10.
Ref. 3.

Loesel, Andrew. Coatings Industry Faces New Mx. In
Chem cal Marketing Reporter. 238(18):SR3-SR8. 1990.

Ref . 47.

Fi ni shers’ Managenent. The U.S. Paint and Coati ngs
| ndustry. Pp. 23-25. April 1991.

U.S. Departnent of Commerce. U. S Industrial Qutlook

‘92, Business Forecasts for 350 Industries. Washington,
DC, Governnment Printing Ofice. 1992.
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SECTI ON 2
COSTS OF REGULATI ON FOR ARCHI TECTURAL COATI NG PRODUCERS

This section estinates the costs to conply with the
architectural coatings regulation and exam nes the econom c
i npacts of these costs as they are distributed across
producers and consuners of the regul ated products through
mar ket processes. The analysis in this section focuses on
the(primary)inpacts defined within the architectural coatings
product markets. An assessnent of inpacts on users of traffic
coati ngs addresses sel ected secondary inpacts in other sectors
of the econony. That analysis is presented in Section 4.

2.1 BACKGROUND

The EPA plans to control VOC em ssions fromarchitectura
coatings using a conbined regul atory approach: (1) product-
specific VOC content limts, (2) an option for producers of
products that exceed the content limts to pay a fee on the
VOC content in excess of the limt, and (3) a phased tonnage
exenption that allows each manufacturer the option to claimas
exenpt a limted nunber of products that result in a specified
anmount of em ssions annually. Using refornul ation cost
estimates and an exceedance fee rate, the Agency anal yzed the
potential inpacts of the regulation, first using static
anal yses of regul atory response options and second using a



dynam ¢ market analysis that estimates changes in prices,
gquantities, and social welfare.

2.2 OVERVI EW OF RESPONSE OPTI ONS

The regul ation to reduce the VOC content of architectural
coatings wll affect both production decisions for the
suppliers of the coatings (through its inpact on costs and
revenues) and consunption decisions for the demanders (through
its inpact on product prices). Before developing a forma
econom ¢ nodel to anal yze these regul ations, the Agency needed
to characterize the scope of responses available to producers
and consuners.

2.2.1 Supply

The EPA is proposing a set of limts for the VOC content
in specific product categories to be net in 1999. Firns that
produce products exceeding the VOC limts essentially have
t hree conpliance options:

e refornulate the products so that they conply with the
st andar d,

« pay a fee on the excess VOC content over the standard,
or

e renove the product fromthe market.

Each producer also may exenpt a small quantity of product from
conpl i ance.

This anal ysis assunes that firns will choose the option
that nmaxi mzes their net benefits, as neasured by the expected
(di scounted) value of the profits generated under each option
Al t hough decisions in the short-run may differ from decisions
made to maxi m ze net benefits in the long run, this analysis
primarily considers the | ong-run decisions and their inpact on
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the architectural coatings markets. Uncertainties pertaining
to short-run decisions are discussed in Section 2.7.

The first option for producers to conply with the rule is
to refornul ate products that exceed the specified VOC content.
Product refornulation often involves an investnent in research
and devel opnent (R&D) to develop a conpliant product. The
extent of the refornulation necessary to bring a product into
conpliance can vary from product to product. In sone cases,
conpliance can be achieved for a particular product w thout
| arge R&D i nvestnents because the product is simlar enough to
an existing formula or another product undergoi ng
reformulation. A mgjor refornulation, as is discussed
t hroughout this analysis, typically requires a significant
resource and time conmtment. The process can take several
years and is divided into a nunber of different stages.

Figure 2-1 identifies the basic refornulation stages for a
prototype architectural paint (other coatings such as
var ni shes may have fewer stages).® The firm nmay subsequently
need to alter its capital equipnent to produce the
reformul at ed product, but these physical capital adjustnents
are usually small conpared to devel oping the intellectua
capital to devise the new fornul a.

The anal ysis that follows assunes that manufacturers bear
the full cost of each reformulation. Since the VOC content
l[imts in the rule reflect available resin technologies, it is
likely that the costs associated with refornmulation wll at
| east partially be shared by resin manufacturers/suppliers.

In that regard, the direct inpacts on manufacturers wll be
overstated in the analysis. This and other potential upward
and downward biases in the cost estimation nethodol ogy are
addressed later in this section.
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Figure 2-1. Basic stages of architectural coating refornulation
(prototype firmand product).

Source: Al M Coatings Regul atory Negotiation Commttee neeting.
July 28-30, 1993, Washington, DC. Meeting Sunmary.

2.2.2 Demand

The regul ati on can be expected to i nduce changes in the
prices of the affected products. Product consuners nmay alter
their selection of coatings based on the relative prices of
coating products and on the relative prices of coating versus
noncoating alternatives. For exanple, consumers m ght opt for
a wat erborne coating rather than its solventborne alternative
if the regul ation-induced change in prices increases the
relative price of the sol ventborne product. Mreover, a
potential user of a high-VOC coating product facing
reformul ati on may even opt for a noncoating alternative if the
price rises too nuch.

The reformul ated products can al so possess different
characteristics that affect their demand. For instance, VOC
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content reduction in a typically high-VOC product may change
consuners’ perceptions of the product’s perfornance,
durability, and ease of application. The |Iower VOC content
may al so work as a signaling device for the “green” consuner
in pursuit of products deened nore friendly to the
environment.?® These factors collectively affect the benefit
consuners derive fromusing the product and thus their

wi | lingness to pay for the reformul ated product versus other
product alternatives.

2.3 COST ANALYSI S

This section evaluates the costs inposed on nanufacturers
to refornul ate nonconpliant products, describes and quantifies
t he exceedance fee provision, and incorporates the option of
wi t hdrawi ng products fromthe market into the decision
process.

2.3.1 Costs of Refornulation
O the conpliance options referenced above, refornul ation

of products that have a VOC content exceeding the category
[imt in the TOS (see Table 2-1) is the nost significant both
in ternms of potential cost and em ssion reductions. The
econom ¢ anal ysis begins by estimating the national cost of
the regulation in the absence of other conpliance options
(fee, withdrawal) and ignoring nmarket responses. This wll
provi de an upper-bound estimate for the true national costs of
the regulation. The national estinmate will be nodified
(reduced) as the other conpliance options and mar ket behavi or
are explicitly considered bel ow.

aSome manufacturers currently produce zero-VOC-content coatings that
are marketed as “clean air” coatings.
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TABLE 2-1. TABLE OF STANDARDS?

VOC Content Limt

Architectural Coating (g/L)

Ant enna coati ngs 500
Antifouling coatings 450
Antigraffiti coatings 600
Bi t um nous coati ngs and mastics 500
Bond breakers 600
Chal kboard resurfacers 450
Concrete curing conpounds 350
Concrete protective coatings 400
Dry fog coatings 400
Extrene high-durability coatings 800
Fire-retardant/resistive coatings

C ear 850

Opaque 450
Fl at coatings, N O S

Exteri or 250

Interior 250
Fl oor coati ngs 400
Fl ow coati ngs 650
Form rel ease conpounds 450
Graphic arts coatings (sign paints) 500
Heat reactive coatings 420
Hi gh-tenperature coatings 650
| npact ed i nmer si on coati ngs 780
I ndustrial maintenance coati ngs 450
Lacquers (including | acquer sanding seal ers) 680
Magnesite cenent coati ngs 600
Mastic texture coatings 300
Metal lic pignented coatings 500
Mul ti col or coatings 580
Nonf errous ornanental netal |acquers 870

(conti nued)
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TABLE 2-1. TABLE OF STANDARDS? ( CONTI NUED)

VOC Content Limt
Architectural Coating (g/L)
Nonfl at coatings, N O S
Exteri or 380
Interior 380
Nucl ear power plant coatings 450
Pretreat ment wash primners 780
Primers and undercoaters, N O. S. 350
Qui ck dry coatings
Enanel s 450
Prinmers, sealers, and undercoaters 450
Repai r and mai nt enance t hernopl astic coati ngs
650
Roof coati ngs 250
Rust preventive coatings 400
Sandi ng seal ers 550
Seal ers 400
Shel | acs
C ear 650
Opaque 550
St ai ns
Opaque 350
Cl ear and sem transparent 550
Wat er borne | ow solids 120
Swi mm ng pool coatings 600
Ther nopl asti c rubber coatings and mastics 550
Traffic marking paints 150
Var ni shes 450
Wat er proofing sealers and treatnents
C ear 600
Opaque 400
Wbod preservatives
Bel ow ground 550
Cl ear and sem transparent 550
Opaque 350

N.O S. = Not otherw se specified.

a

The final Table of Standards included in the regulation differs
slightly fromthis list. See Section 7 for a di scussion.
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The nethod for estimating the national costs of the
regul ation under this scenario is to:

1. Esti mate reformul ati on cost per product

2. Estimate the total nunber of products nationw de
facing reformul ation

3. Mul tiply the cost per product tinmes the nunber of
refornul ati ons

These steps are now presented in sequence.
2.3.1.1 Product-lLevel Refornulation Cost Estinates.

Devel oping a new formula for an architectural coating
i nvol ves altering the mx of the four coating conponents:
resins, solvents, pignents, and additives. For solventborne
products, a new fornmula mght increase the ratio of solids
(resins) to solvents to reduce the solvent’s contribution to
VOC em ssi ons.

Reformulation is a one-tinme investnment to develop a
formula that conplies with the VOC requirenent. This
general ly invol ves applying R& effort to devel op and test the
new fornmula. Various other expenses (e.g., admnistrative and
mar keting) are incurred to get the refornul ated product to
mar ket ; however, for the purposes of this report, all relevant
costs are collectively referred to as “refornul ati on” costs.

The |l evel of effort for reformulation varies across
products, depending on the product’s characteristics and the
di fference between a product’s VOC content and the standard.
For the anal ysis at proposal, EPA used information provided at
a regul atory negotiation neeting on July 28, 1993 on the cost
of devel oping a new product fornula to neet a standard that
was nore stringent than that which was proposed. ® Because
ot her data were not available to gauge the reasonabl eness of
this estimate, the EPA solicited input during the public
comment period for this rule to determ ne the appropriateness
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of the value used at proposal. Appendix B provides a sunmary
of the information received. These data show that the val ue
used at proposal was consi derably above estimates provi ded by
comenters. Thus, the value used for this analysis is revised
to reflect both the initial estinmate fromthe regul atory
negoti ati on and the subsequent estimates provided during the
public conmment period. Not enough information was provided in
t hese comments, however, to estinate separate costs for each
speci fic product category; therefore, the average of the
estimates provided is used as the cost of refornulation for
all products subject to the regulation. That average cost is
$87, 000 per product and will be used throughout this analysis
to estimate the econom c inpacts, unless otherw se indicated.”
Cost annualization. Several of the comments received

during the public coment period indicate a concern that the
cost estimate used at proposal was too | ow. However, the
| unp-sum cost estinmate used at proposal ($250,000) was
consi derably higher than the estimates provided in the public
coments. Therefore, the concern appears to be centered
around the annualized cost estimate used at proposal ($17,772
per year). |In many cases, comenters appeared to be conparing
t he annual i zed cost used in the proposal to their estimte of
| ump-sum costs to refornmul ate. The purpose of annuali zi ng
costs and the nethods for doing so in this analysis are
present ed bel ow.

Reformul ation is a one-tine effort to devel op a new

formula. But the useful life of the formula goes beyond the
year in which reformulation occurs. In this regard, it is
®Pl ease note that because the base year for all information to

develop the regulation (i.e., product inventories, VOC content limts,
estimated em ssion reductions, etc.) is 1991, all costs and econom c

i npacts presented in the analysis are expressed in 1991 dollars unl ess
otherwi se indicated. Al cost and econom c inpact neasures are
transformed to present dollars in Section 7 for external reporting

pur poses.
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much |i ke any other capital investnent (in this case,
“know edge” capital), so the cost nust be anortized over the
useful life of the investnent.
The standard formula for annualizing a | unp sum
i nvestnment cost is

a=1 ««Ji(1+i)"/ ((1+i)" = 1)]
where a equals the annualized amount, | is the initial |unp
suminvestnent cost, i is the interest (discount) rate, and n
is the useful life of the investnent. As indicated above, the

revi sed value for the [unp-suminvestnent used throughout this
anal ysis is $87,000 per product. The discount rate is

7 percent, which is the rate recommended by the Ofice of
Managenent and Budget (OVB) for cost-benefit anal ysis of
federal regulations.® Determning the nunber of years to use
in the annualization formula, n, requires considering the
“useful life” of the know edge devel oped in refornul ation.
More specifically, how long do the benefits of the current

i nvestment accrue? Refornulation allows the firmto conti nue
to sell the current product (at a | ower VOC content), rather
t han renove the product fromthe market. Therefore, the tine
stream of the benefits to the firmis at |least as long as the
refornul ated product will remain on the market (i.e., the
product life). This is a conplicated issue. A particular
version (formula) of a product may remain on the market for
many years, then be refornulated to add different product
attributes and kept in the market as a new and i nproved
version of the old product. This product refornulation
rotation may recur continuously into the future. |If so, what
is the best way to estimate the useful life of the VOC
reducti on technol ogy i nduced by the regul ati on?
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Two assunptions were considered to capture the range of

possibilities for the useful life of the refornulation
i nvest nent .
1. The | ow VOC t echnol ogy devel oped for the new formul a

is applicable only to that fornula and cannot be
transferred to future adjustnents of the product.

2. The | ow VOC t echnol ogy devel oped for the new formul a
is applicable to that fornula and is transferrable
to all future versions of the product forever.

Case 1: In the first case, if the refornul ated product
is expected to remain on the market for a certain nunber of
years (T), then the useful life of the VOC reduction
investnment is T years and the initial cost should be
annual i zed accordingly (n=T). Moreover, if the current
product is sinply replaced T years hence by a reformul ated
version of the product, it is assunmed that the VOC reduction
t echnol ogy devel oped for the current product is
nontransferrable to the next product. Thus, an entirely new
investnment in VOC reduction technology T years in the future
(the tinme of the next refornulation) is assuned necessary.
This defines the nost pessimstic (i.e., shortest) estimate
for the useful life of the current VOC reduction investnent.
Because shortening the useful life of an investnent reduces
the anortization period, it also raises the annualized cost of
conpliance, therefore providing the upper-bound estimte for
this anal ysi s.

Estimating the cost under the first assunption requires
determ ning an appropriate product life for a typical
architectural product. Attenpts to obtain this information
from secondary data and industry sources proved unsuccessf ul
since a “typical” product was too difficult to define. Alife
of T=8 years was assuned to be a reasonable, if conservative,
base case estimte of a single product life cycle. Thus a; is
t he annual i zed refornul ati on cost per product for case 1 (high

2-11



estimate), with an $87,000 refornul ation investnment, a useful
life of 8 years, and discounted at 7 percent, which is
conputed as foll ows:

a, = $87,000 [0.07(1.07)8/((1.07)8-1)] = $14, 573.

Case 2: 1In the second case, the | ow VOC technol ogy
devel oped for the regulation applies to all current and future
versions of the refornulated product. In other words, once
the VOC technol ogy is devel oped for the new fornmula, it does
not need to be re-developed in the future, even if the product
is nodified in the future to add new attributes. As a result,
the useful life is the length of tinme the firmexpects to
remain in the product market. In the extrene case, the firm
has no plans to renove the product fromthe market and the
useful life is essentially infinite. Under this assunption,
the cost is anortized in perpetuity to nake it conparable with
the benefits of the VOC technology. Thus, the cost
annual i zation forrmula yields a,, the estimate of refornul ation
cost per product:

a, = $87,000 « 0.07 = $6, 090.

Because a firmnmay not expect to remain in the market
forever and/or the current VOC reduction technol ogy nmay not
transfer perfectly to all future versions of the current
product, the assunption for case 2 can be viewed as a
| ower - bound estimate of annualized costs.

However, under an alternative interpretation, the costs
may be lower still. Suppose a conpany, in the absence of the
VOC standards, would routinely reforrmulate its product every
few years. Then, the VOC regul ati on can be viewed not as
forcing firms to refornmul ate the product; rather, it forces
themto refornmul ate their products sooner than they otherw se
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woul d. Thus, the one-tine cost to the firmis the present
val ue of accelerating the series of costs that would occur
(later) without the regulation. This cost will, in general,
be | ess than the |unp-sum cost of reformulation referenced
above; therefore, the annualized neasures woul d be | ower as
well. This is denonstrated by nunerical exanple in
Appendi x C.

To summarize, data fromthe regul atory negotiation and
public comment periods were used to provide EPA s best
estimate of the cost of refornmulation. The average
reformul ation cost estimate is $87,000 per product. This is a
one-tinme cost that nust be annualized for policy analysis.
The annual i zed cost estimte depends on the assunption about
the new forrmula’ s useful life. Under a useful life estimte
of 8 years, the annualized cost per product is $14,573. As
i ndi cated, a nunber of assunptions can be justified on
t heoretical and enpirical grounds that would reduce this
estimate. For exanple, the useful life of the reformulation
i nvestnment may well exceed 8 years. Also, reformulations
occur as a normal business practice and the cost of
reformul ation for VOC content may not be entirely increnmental.
However, the $14,573 estimate is the maintai ned val ue
t hroughout the anal ysis, except where otherw se indicated,

t hereby providing a conservatively high cost estinmate.

South Coast Alr Quality Managenent District (SCAQVD)

study. As a point of conparison, estimates of the cost of

architectural coatings reformulation are provided in a study
conducted for the SCAQVD to address econom c inpacts of VOC
content regulations in California.% This study identified
costs associated with product reformul ation and tenporary and
per manent product sales |osses. Refornulation costs varied
depending on the extent of the refornul ati on necessary. Most
of the small firns surveyed indicated that they did not have
full -time R&D enpl oyees. Costs for additional research and
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devel opnent due to the regul ation ranged from $1, 000 to $5, 000
annually for firnms with few products affected by the
California rule and nore than $50,000 for firms with many

af fected products and little or no research staff.

The SCAQWD study also identified other conpliance costs
not related to R&D. Rough estimates of the cost of equipnent
adj ust nents necessary to accomodate reformul ati on ranged from
$5,000 to $35,000 per firm Costs attributed to tenporarily
or permanently discontinued products ranged fromzero to
$3,000 for firnms with few affected products to nore than
$75,000 for firnms with many affected products. Per-product
estimates were not presented. Enploynent changes for the
surveyed firnms in the SCAQW study were expected to be
mnimal, affecting only the possible addition of R& chem sts.

Because the timng, nunber of refornul ated products, cost
conponents, and regul atory structure associated with each
SCAQWD cost estinmate are not apparent fromthe report, they
cannot be conbined with the estimtes presented above in any
meani ngful fashion to inprove the estimate of regulatory
costs.

2.3.1.2 National Refornmulation Costs. The analysis of

national refornulation costs begins with the recognition that
t he popul ati on of regul ated products can be broken into two
groups: those included in the em ssions survey and those
omtted fromthe survey. The nethods used to estimte costs
for each group are presented in turn.

Survey population. In this section, aggregate

refornmul ation costs are for the products reported in the
Architectural and Industrial Maintenance Surface Coatings VOC
Em ssions Inventory Survey (the survey).% The survey

popul ation represents roughly three-fourths of total industry
output. The analysis is then extended to the industry level to
cal cul ate a national estimte.
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To estimate refornul ation costs for the entire survey
popul ati on, the nunber of architectural products that wll
need refornulation to conply with the standards is determ ned.
Thi s nunber depends on the nunber of architectural products
with a VOC content exceeding the standards for the respective
product categories.

The survey reports the nunber of products, sales vol une,
and average VOC content for specific VOC content ranges (e.g.,
O to 50 g/L, 51 to 100 g/L, 101 to 150 g/L) wthin specific
product groups (e.g., exterior flat waterborne, exterior flat
sol ventborne, interior flat waterborne). Knowing the limts
i nposed by the TGS, the nunber, volunme, and average VOC
content of products over the Iimt can be derived using the
survey data. These data can be used to generate estimtes of
t he expected cost of refornulating products subject to the
TOS, as well as the associated reduction in em ssions
acconpl i shed by the refornul ati ons.

Nonsurvey population. By definition, characterizing the

popul ati on of nonsurveyed products introduces further
uncertainty into the analysis. To estimate the nunber of
nonsurveyed products facing reformul ation, one nmust use
product information fromthe survey popul ation and apply it to
t he nonsurvey popul ati on subject to sonme assunption about the
correspondence between the two popul ations. The econom c

anal ysis presented at proposal perfornmed this task subject to
the assunption that the overall survey popul ati on was
representative of the nonsurvey popul ation. Further scrutiny
suggested a nore appropriate assunption would be that the
nonsurvey popul ati on was nore accurately represented by the
smal | conpany conponent of the survey population. A

suppl emental analysis in the appendi x of the proposal analysis
addressed this issue and indicated that national cost of the
regul ation is higher when the assunption that all nonsurveyed
products are produced by small conpanies is applied. That
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assunption is maintained and further refined to generate cost
estimates for the nonsurvey population in this analysis, as
descri bed bel ow.

For each of the 13 defined market segnents in the
architectural coatings industry, data were avail able on total
mar ket volume (in liters) derived fromthe Census of
Manuf actures data for the baseline year (1991) and the total
vol une of surveyed products for that category. Fromthat data
the total volume omtted fromthe survey (i.e., volune
produced by the nonsurvey popul ati on) can be conput ed:

Nonsurveyed vol ume = Market volume — Surveyed vol une (2. 1)

| f the average size of nonsurveyed products is known, the
nunber of nonsurveyed products can be estinmated as fol |l ows:

Nonsurveyed products = Nonsurveyed Vol une / Average
vol unme of an nonsurveyed product (2. 2)

| f the proportion of nonsurveyed products needing
reforrmul ation is known, then the nunber of nonsurveyed product
reformnul ati ons can be conput ed:

Nonsurveyed product refornulations =
Nonsurveyed products ¢ Proportion of
nonsurveyed products needing refornul ati on (2.3)

and the corresponding reformnul ati on costs are then

Cost of nonsurveyed product reformul ati ons =
Nonsurveyed product reformnul ations e
Ref or mul ati on cost per product (2.4)

Because no specific data on nonsurveyed products were
available for this analysis, the average product vol une needed
in Eq. (2.2) and the reformul ated product proportions needed
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in Eq. (2.3) are not known. However, the information fromthe
surveyed products can be used to inpute values for the
nonsurveyed products. One option is to assune that
nonsurveyed products are the sane average size and have the
sanme rate of product refornulation as surveyed products.
However, as indicated above, the survey population is not
necessarily representative of the nonsurvey popul ation,
because the fornmer includes nostly | arge conpanies and the
latter nostly small conpanies. To nore appropriately capture
the differences between the nonsurvey popul ati on and the
survey popul ation, the follow ng assunptions are proposed:

(1) Let the average size of nonsurveyed products in each
mar ket segnent equal the average size of snal
conpany products reported for that market segnment in
t he survey dat a.

(2) Let the nonsurveyed product refornulation rate in
each market segnment equal the refornulation rate for
smal | conpany products reported for that market
segnent in the survey data.

The effect of assunption (1) is to increase the nunber of
nonsurveyed products and thereby increase the nunber of
nonsurveyed product refornmul ati ons and associ ated costs,
relative to the alternative assunption that nonsurveyed
products are produced by both | arge and small conpani es.
Assunption (2) adjusts the estimtes based on market segnent -
specific refornulation rates, which is greater on average for
smal | conpanies. The conbined effect of these two assunptions
is to raise the cost of the regulation relative to the
alternative assunption

National estimate. Typically during the devel opnent of

an air pollution regulation, an engi neering anal ysis
identifies the pollution control equipnment required to conply
with the rule and estimates the total installed capital cost
in a menorandumto the public docket or as a section of the
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rul e’ s Background I nformati on Docunent (BID). The econom c
anal ysis typically uses this information to anortize costs on
an annual basis and performa market analysis. For the
architectural rule, the control cost estimates are highly
dependent on deci sions nade by the regul ated producers in a
mar ket setting to either refornmul ate, pay an exceedance fee,
or renove the over-limt product fromthe market. Wth the
mar ket enphasis, all costs were expressed in annual terns in
the econom c anal ysis presented at proposal. EPA received
public comments suggesting that an estimate of total initial
reformul ation cost (the analog to total installed capital
cost) would also be informative. This cost is conputed and
presented bel ow, along with the standard annual cost
esti mat es.

The national reformulation costs can then be estimated as
fol | ows:

Nat i onal reformnulation cost =
Cost of surveyed product reformul ations +
Cost of nonsurveyed product refornulations (2.5)
Tabl e 2-2 presents the results of the analysis for the
TOS. % The first row of Table 2-2 reports reformul ati on costs
and em ssions reduction sumed across all surveyed products.
A total of 1,730 products fromthe survey exceed the limts
that manufacturers and inporters will be subject to, which is
36 percent of the total nunber of products in the survey
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(4,846).¢ A presentation to the Regul atory Negoti ation
Comm ttee indicated that roughly one in three products that
exceeds the limts would not need a refornulation, primarily
because the product lines are simlar to others that will be
refornmul ated. Thus, the costs are assessed for the remaining
two-thirds of products over the |limt to conpute the
aggregate cost estinmate. After reducing the nunber of
products, the estimated nunber of reformulations for the
survey population is 1,153, yielding a range for an aggregate
cost of refornulation of $7.0 to $16.8 nmillion dollars (1991
dol | ars), depending on which useful |ife assunption is used to
annual i ze the | unp-sum val ue.

Nat i onal |y, about 2,345 products are subject to
reformul ation. The initial lunp-sumcost to refornul ate these
products (at $87,000 per product) is just over $200 mllion.
Dependi ng on the annualized cost per product estinmte used,
annual i zed costs range from about $14 to $34 mllion per year.
Agai n, these estimates overstate the expected cost of the
regul ati on because they do not account for producers’ best
response (i.e., their | owest cost option) to the regul ation.
The next section discusses the part of the analysis that
accounts for these actions.
2.3.2 Exceedance Fee Provision

Architectural coatings producers have the alternative of

paying a fee per unit of output for products that exceed the
limt. The fee will be conputed as foll ows:

fee = (actual VOC content — VOC limt) o fee rate. (2.6)

°The actual survey total nunber of products is 4,920. However,
t hr oughout Section 2 of this report 4,846 is used as the total nunber (and
the correspondi ng quantity and em ssions) because product-|evel data were
unavail able for 74 products in the survey.
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VOC content is nmeasured in granms per liter (less water and
exenpt conpounds), and the fee rate is paid on the granms per
liter in excess of the limt. The fee rate is $0.0024 per
excess gramper liter with annual adjustnents based on the
gross donestic product (CGDP) price deflator. Total fee
paynment per product sinply equals the per-liter fee tines
total liters of production.

In this step of the analysis, the premise is that
architectural coatings producers will choose the | ess costly
of the refornul ation and exceedance fee options as a
conpliance strategy. The choice is based largely on two
product -specific factors: quantity of output produced and the
“excess” VOC per unit.

The diagramin Figure 2-2 helps explain the effect that
out put quantity has on the choice between reformulating the
product and payi ng an exceedance fee. The vertical axis
represents the cost per liter of conpliance and the hori zontal
axi s nmeasures product volunme in liters annually. Since the
cost of refornulation is a fixed cost (i.e., it is independent
of the level of output), the average reformul ati on cost per
l[iter of output falls as output |levels increase. This
situation is represented by the downward-sloping line in
Figure 2-2. However, the exceedance fee per unit of output is
constant with respect to the output levels. Let F be the
exceedance fee per liter of output; the flat |ine extending
fromF on the vertical axis indicates that the fee rate is
constant. For the purposes of this discussion, we ignore the
role of fixed recordkeeping costs under the fee option. These
costs are included in the enpirical analysis that follows. 1In
Figure 2-2, for all output levels less than @ the average
cost of reformulation is higher than the per-unit fee, and for
all output levels greater than Q, the average cost is bel ow

2-21



File Contains Data for
PostScript Printers Only

Figure 2-2. Fee versus refornul ation.

the fee. This relationship indicates that the fee is the |ess
costly alternative when output is less than Q and
reforrmulation is the |ess costly alternative when output is
greater than Q. Thus small volune producers are nore |ikely
to choose the fee, all else equal. As Figure 2-2 illustrates,
the exi stence of a fee places an upper limt on the per-liter
costs of conplying with the regulation: F « Q

Figure 2-2 also illustrates the effect of different fee
rates on the “threshold point” of quantity, bel ow which the
fee is the preferred option. |If the fee were F' instead of F,
reflecting either a higher assessnent rate per My of em ssions
or a higher anmount of excess VOC per unit, the threshold point
woul d be lower. Thus, for higher excess VOC categories and
for higher fee rates, fewer producers woul d probably sel ect
the fee option, all else equal. Because the fee wll be nore
cost-effective only for |ower-volune products and | ower
excess-VOC categories, allowng the fee option should have a
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relatively small inpact on variation fromthe aggregate
em ssion reduction targets as long as the fee assessnent rate
is not set at an extrenely |ow | evel.
2.3.3 Product Wthdrawal
Up to this point, the analysis has focused on firns

responding to the regulation by choosing the | ess costly
alternative between refornmulation and the fee regul atory
response. However, this view of a producer’s likely response
i's inconpl ete because the cost of the regulatory response nust
be wei ghed agai nst the benefits of the action to the firm
Here the anal ysis equates regul atory conpliance with the
decision to pay the costs and remain in the market. Thus, the
benefits of the conpliance action are the net returns
(revenues mnus variable costs) obtained fromcontinuing to
produce the product. The net payoff of conpliance for a
particul ar architectural coating exceeding the limt can be
expressed as foll ows:

BR=Peq—-1c(q) — r*. (2.7)

To ease the notational burden, all terns are expressed in
their annualized form P is product price, g is annual
output, c(q) is the product cost function (w thout regul ation)
Wi th respect to annual output, and r* is the annualized cost
of the | east-cost option anong regul atory responses (i.e.,
refornmulation or fee). |In other words, r* gives the cost of
the solution to the | east-cost decision discussed in the

previ ous section.

The firmis assunmed to select an output level (g*) that
maxi m zes profits (B¥). 1In a conpetitive market, this is the
poi nt at which the marginal cost of production equals the
mar ket price. However, the firmwll only operate in this
market if it can cover its production costs and conpliance
costs; that is, if the following condition is net:
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B (g® r*) > 0. (2.8)

If the condition in Eq. (2.8) is not net, then the firm s best
response is to withdraw the product, produce no output (g¥=0),
and generate zero profits for the product (B¥=0). In this
regard, product w thdrawal would be the firm s | east cost
option, because the alternative inplies they |ose noney by
remai ning in the market.

2.3.4 *“Best-Response” Analysis

The anal ysis presented here determ nes which option (fee,
reformul ation, or withdrawal) is the best response for
specific products within a certain VOC content range fromthe
survey.

For the purpose of this analysis, a product stratumis
defined as all products existing in a specific VOC content
range for a specific product category. An exanple of a
stratumwoul d be all exterior flat waterborne products in the
101 to 150 g/L VOC content range. For the TGOS, all strata in
the survey were examned to determ ne those that exceed |imts
for their respective product categories. As indicated above,

t he survey includes data on the nunber of products, sales

vol une, and baseline VOC em ssions for each stratum These
data were used to conmpute average sal es vol une per product for
all strata exceeding the TOS Iimts. These average vol une
estimates forned the basis for conputing exceedance fee costs
and product-level profits.

An exanpl e of a best response determ nation is as
fol |l ows:

(Best - Response Exanpl e)

Suppose the average sal es vol une per product for one
stratumis 100,000 L/yr. To determ ne the exceedance fee
for each stratum the mdpoint of the VOC content range
was used as an estimate of average VOC for the stratum
This neasure was used to conpute excess VOC content
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because it is consistent with the regulatory definition
of VOC content (grans per liter |ess water and exenpt
conpounds) and is available for each stratum
First the fee rate was adjusted to 1991 dollars by
mul tiplying the fee rate (in 1996 dollars) of 0.0028/ g by
the ratio 1991/1996 of GDP price deflators. The
resulting fee rate is 0.0024/g. Suppose the m dpoint of
the stratumis 150 g/L above the limt. The associ ated
fee per unit would be 150 « $0.0024 = $0.36/L. The total
exceedance fee paynent for the product is
($0.36/1iter) « 100,000 liters = $36,000 per year. Fixed
recordkeepi ng costs nust also be incurred for products
subject to the fee. Fee-related recordkeeping costs
were estimated to be $590 per product per year.> Adding
t hese nunbers together, the conpliance cost under the fee
option is $36,590 per year. This exceeds the annualized
cost of refornulation ($14,570 per year). Under these
conditions, it is assuned that products in this stratum
woul d refornul ate rather than pay the exceedance fee.®
Thi s deci sion would be reversed if, for instance, the
strat um exceedance were 50 g/L, in which case the fee
paynents woul d be $12, 000, which, adding in the fixed
cost of $590, is below the refornul ati on cost per
pr oduct .
To simulate the refornul ati on/fee/w thdrawal deci sion,
per-unit profits were estimated to conpare with unit costs for
each stratum and conputed as foll ows:

9By conducting the fee-versus-reformulation decision at the stratum
| evel , and basing the decision on average cost and fee for each stratum it
is inplied that all products within the stratumare identical to the nmean
values. In reality, there will be sone variation around the nean so that
sone producers may find one alternative less costly while others find the
other alternative less costly. This analysis is unable to capture this
het erogeneity with the avail able data, but presunably these effects are
snoot hed out as the anal ysis conpares neans across the hundreds of strata
in the survey.
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B = Pem (2.9)

where P is the output price and mis the profit margin. For
each product category anal yzed, the average market price for
the market in which the product category bel ongs was used (see
Table 2-3).°%5% The nodel derives the returns-to-fixed-factors
(RFF) profit margin as foll ows:

m= 1 — (variable cost/revenues). (2.10)

The ratio of variable cost to revenue can be conputed using
val ues provided by the NPCA. The variable cost conponent in
the nunmerator includes the cost of goods sold plus variable
selling and storage costs. These variable costs conprise
81.7 percent of revenues for the nmean producer surveyed by
NPCA, so the estimate of the RFF profit margin is 0.183.

These average refornul ation cost per liter and profit
cal cul ations were perfornmed for each stratum above the TGS
limts to determne the relative frequency of reformnulation/
fee/w thdrawal sel ections and their inpact on conpliance
costs. These anal yses were perforned directly for the survey
popul ation, with the results used to i npute values for the
nonsurvey popul ation. Results are presented for the survey
popul ation in Table 2-4.

Under the chosen fee rate of $0.0024 (1991 dollars), the
fee is the preferred alternative for 409 (35.5 percent) of the
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TABLE 2-3. ARCH TECTURAL COATI NGS MARKET SEGVENTS BASELI NE
DATA FOR 1991

Aver age
Quantity Price
No. Mar ket Segnent @ Produced (kL)? Val ue ($10%) ($/L)
1 Exterior & high performance 162, 937 540, 511 3.32
sol vent bor ne coati ngs
2 Exterior & high performance 468, 345 1, 046, 383 2.23
wat er bor ne coati ngs
3 Interior solventborne 94, 935 302, 264 3.18
coati ngs
4 Interior waterborne coatings 833, 434 1,747, 341 2.10
5 Sol vent borne prinmers & 61, 298 171, 583 2.80
under coaters
6 WAt erborne primers & 75, 212 160, 960 2.14
under coaters
7 Sol vent borne cl ear coati ngs, 134,678 412,743 3.06
seal ers, & stains
8 WAt er borne cl ear coatings & 120, 738 266, 174 2.20
stains
9 Architectural |acquers 40, 011 83, 320 2.08
10 Wbod preservatives® 27,449 493, 965 1.45
11 Traffic marking paints 91, 067 132, 358 1.45
12  Speci al purpose coatings 34, 568 141, 633 4.10
13 Industrial maintenance 231, 261 797, 006 3.45
coati ngs
Tot al s/ aver ages 2,375,933 6, 296, 241 2.65

a See Appendi x A for an explanation of products included in each market
segnent .

b The quantities and val ues are taken from Census data except the quantity
for wood preservatives, which is taken fromthe survey.

¢ For wood preservatives the quantity is taken fromthe survey, but the
price is taken fromthe Census dat a.

Sources: U.S. Department of Commerce. Current Industrial Reports: Paints
and Allied Products, 1991. Washington, DC, Government Printing
Ofice. 1992

Industry Insights. Architectural and Industrial Mintenance
Surface Coatings VOC Em ssions Inventory Survey. Prepared for
the National Paint and Coatings Association in cooperation wth
the Al M Regul atory Negotiation Industry Caucus. Final Draft
Report. 1993.
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1, 153 products facing the refornul ati on versus fee decision.®
However, these products only account for 38 mllion liters of
out put, about 14 percent of the volunme subject to the
decision, reinforcing the notion that the fee is selected for
| ower -vol ume products. The total fee paynent for those
products is about $3.7 mllion (average is $0.08/L), but the
estimated avoi ded refornul ati on cost for the 409 products
choosing the fee is over $5.9 mllion for a net aggregate
savings to producers of about $2.7 mllion. Moreover, because
the fee paynent is sinply a transfer fromone sector of
society (architectural coatings producers) to another (the
governnent), the social cost savings due to incorporating the
fee are the full $5.96 mllion reformul ati on cost savings,

| ess any costs of adm nistering the fee.

Tabl e 2-4 indicates that 46 products el ect wthdrawal as
the best response strategy to the regulation, which is | ess
than 0.1 percent of the 4,846 products surveyed. The
estimated foregone profits for those products total
approxi mately $415, 000, which should be considered a conponent
of “conpliance cost” of the regulation. However, this
produces a $255, 000 savings to society over the refornul ation-
only option.

Al told, allowng for options other than refornulation
substantially reduces conpliance costs for the survey
popul ation. The option to pay the fee or to w thdraw reduces
t he conpliance cost estimte by about $3.0 million, or about
18 percent of the costs that would be incurred by the survey
popul ation if refornulation were the only conpliance option.

®Not e that 1,153 products represent two-thirds of the total nunber
exceeding the limts because the other one-third were assuned to
refornmul ate without incurring the “major” reformnul ati on cost.
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2.3.5 Tonnage Exenption

Al'l producers will be allowed to exenpt the foll ow ng
quantity of VOC em ssions fromcontrol that is phased in over
three years:

Period 1: 23 My (25 tons)
Period 2: 18 My (20 tons)
Peri od 3: 9 My (10 tons)

Because these represent relatively small volunes, especially
after the 3-year phase-in, the tonnage exenption wll |ikely
serve in lieu of the exceedance fee for small vol unme products
and t hereby reduce fee paynents by producers enpl oying the

t onnage exenpti on.

To the extent that the tonnage exenption replaces the fee
as a conpliance option for sone products, the foregone fee
paynments represent the reduced inpact on producers. Consider
the post-year 3 case where 9 My of VOC em ssions are exenpted
fromcontrol. Suppose that 3.6 My of these em ssions are
“exceedance” em ssions (i.e., em ssions above the anmount
allowed in the VOC content standards). If a fee were assessed
to these em ssions, the cost to the firmwuld be 3.6 « $2, 200
= $7,920 ($1991). Therefore, the exenption allows the firmto
avoid this inpact. Note that while this reduces the private
i npact on firms subject to the exenption/fee, there is no
correspondi ng effect on the social cost of the regulation as
the reduced fee paynents are just reduced transfers from one
party (producers) to another party (governnent).

2.4 COST ANALYSI S UNCERTAI NTI ES

Table 2-5 lists the key assunptions and main areas of
uncertainty surrounding the cost estimates. Itens of
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TABLE 2-5. REFORMULATI ON COST ANALYSI S UNCERTAI NTI ES

Assunpti ons

Initial refornmulation cost is $87, 000.
Useful life of reformulation is (1) 8 years, (2) forever.
Di scount rate is 7 percent.

Potential upward bias factors

Ef fects of tonnage exenption not considered.

Costs assumed constant in the future; but may fall over
time as new technol ogy is devel oped and di ssem nat ed.

I ndustry trends since 1991 have noved toward | ower VOC
formul ati ons.

Costs may be borne partly by material suppliers.

Regul atory baseline is changing. State regulations have
been inplenmented (e.g., Massachusetts), and sone producers
have al ready devel oped fornul ati ons and incurred
reformul ati on costs to conply with new as well as existing
regul ati ons. These fornmulas can be applied to a federa
rule at a mninmal cost.

Potenti al downward bias factors

Costs are confined to the refornul ated product itself;
users may incur additional costs to adapt application
systens.

Mul ti ple products may be | unped together as one in the
survey. Therefore, multiple refornul ati ons may be
necessary in sone cases where a single refornmulation is
proj ect ed.

Potential factors with unknown directional effects

Estimate is for a “typical” product; individual products
may differ.

Lower - bound estimate of 8 years for useful [ife of

reformul ation is specul ative.

Ref ormul ati on may positively or negatively affect variable
production costs (e.g., materials).

Ef fects on product quality and performance are unknown;
anecdot al evidence shows both positive and negative effects
dependi ng on the product.

Costs may rise/fall based on anobunt of “excess VOC' to
reduce.

The nunber of refornul ations for nonsurveyed products may
be m s-estimated due to | ack of data.
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uncertainties are grouped by the likely direction of bias on
the cost estimate: upward, downward, or unknown.
2.4.1 Upward Bi as

As indicated in the previous section, one source of

upward bias in the cost estimates is that the anal ysis does
not directly account for the effect that the tonnage exenption
woul d have on cost mtigation.

The anal ysis may overstate refornulation costs incurred
by architectural producers by not explicitly accounting for
cost-saving technol ogi cal innovation. Spillover effects from
early reformul ation efforts could substantially reduce the
costs for other formulas. This may be facilitated by the role
that material suppliers play in devel oping forml as,
particularly in the case of smaller architectural coatings
manuf acturers. Econom es of scale may occur because materi al
suppliers solve the problemfor nultiple clients and fornul as.

Since this rule was initially proposed, for exanple,
Massachusetts has inplenmented its own regulation for
architectural coatings. In conpliance with that regul ation,
104 conpani es have regi stered conpliant architectural coatings
wi th the Massachusetts Departnent of Environnenta
Protection.® Many of those conpani es operate on a nationa
scale. Therefore, products those conpani es nmake that
currently neet the Massachusetts regulation do not need to be
further reformulated to conply with the national rule. Those
costs are not “backed-out” in this analysis, which inparts an
upward bi as of unknown magnitude on the costs presented.

2.4.2 Downward Bi as
A couple of factors may | ead to an understatenent of the

reformul ati on costs presented here. First, by focusing on
costs to the coatings manufacturer, the current analysis does
not account for any fixed costs that coating users may bear as
they switch to conpliant fornulas. Based on public comments,
the itemof greatest concern in this category is application
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equi prent for traffic marking coatings. These costs are now
explicitly addressed in a separate section of this report and
included in the final cost-effectiveness anal ysis bel ow.

The second itemthat may cause downward bias in the cost
estimates relates to the definition of products in the survey
data. The analysis treats each survey entry as a separate
product and assigns each nonconpliant entry a single
reforrmul ation. |[If, instead, survey respondents conbi ned
several products requiring several refornulations into one
survey entry, total refornulation costs for the survey
popul ati on woul d be underestimated. It is inpossible to
determ ne whether this is a systematic problemw th the survey
data and, if so, the extent to which it biases the current
esti mat e.

VWhile the refornulation cost estimate is the main source
of uncertainty in the analysis, another itemthat bears
mentioning relates to the selection of nonrefornul ation
response options (fee or withdrawal). The analysis assunes
t hat producers will select the | ower-cost option
(reformulation or the fee) and exit if the |ower-cost option
exceeds the value of the profit stream However, sone
rigidities (e.g., shortage of scientist hours for new formul a
devel opnent) m ght nmake refornmulation difficult in the very
short run. However, the phased tonnage exenption period
ment i oned above should provide sonme relief in overcomng the
short-run rigidity particularly for smaller producers.

2.4.3 Unknown Directional Effects

Several itens that have unknown directional effects on
the cost estimates are listed in Table 2-9. O particul ar
rel evance i s the absence of variable production cost effects,
notably the difference in material costs. The EPA was unabl e
to obtain verifiable infornmation on material cost effects of
reforrmul ation. Anecdotally, it was suggested that
sol ventborne material costs mght rise in sonme situations
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(e.g., those described in the comrent) but mght fall in
others (e.g., substitution of water carriers for solvent).
The net effect across all products is unknown. Wthout any
hard data on the size or direction of material cost effects,
t he EPA assuned no net material cost effects in the analysis.
The conpliance strategy decision is likely to be
conplicated by issues other than cost that relate to the
profitability of refornmulation. |If a product serves a narrow
mar ket niche, refornulation may fundanentally alter the
product’s attributes and erode the niche position. 1In such a
case, the producer may find that choosing reformulation is not
profitable. Although concerns regarding the regulation’s
constraints on product differentiability are undoubtedly real
in sone cases, this conplexity is not explicitly addressed in
the quantitative analysis, primarily because of the difficulty
in observing both | evels of and changes in product quality.
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SECTI ON 3
ARCHI TECTURAL COATI NGS MARKET ANALYSI S

In this section, nmarket effects of the regulatory action
are anal yzed by presenting a nodel of how the outcone of the
refornul ate/fee/w thdrawal decision collectively affects
aggregate supply conditions and market outcones in the
architectural coatings industry. Then, operationalizing the
nodel wusing baseline market data and regul atory costs is
di scussed to analyze the social cost effects of these market
outcones in the architectural coatings industry. The section
ends with an analysis of enploynment inpacts.

3.1 MARKET EFFECTS OF FI RM RESPONSES TO REGULATI ON

Firms’ decisions to either reformulate or pay the
exceedance fee and remain in the market or to do neither and
exit the market collectively affect market outcones (price,
guantity, and welfare). The change in market price depends on
the aggregate effects of the supply responses of the
i ndi vi dual producers. Product exits will shift the aggregate
supply function inward, and marginal cost effects, such as the
per-unit fee, will shift the function upward. This change can
be expected to raise the post-regulatory market price as the
new equilibriumis attained. This process is described in
nore detail 1n Appendi x D.



Appendi x D descri bes the nethodol ogy for incorporating
the reformul ation/fee/w thdrawal effects into a |inked
mul ti pl e-market nodel franmework. This appendi x al so presents
t he net hodol ogy for neasuring the social welfare effects
(e.g., producer and consuner surplus) of the changes in market
equilibrium which is affected by the regul ation.
3.1.1 Model Execution and Results

To estimate the effect of VOC content |limts on

architectural coatings markets, a baseline characterization of
affected markets was constructed, enpirically estimted shifts
in market supply and demand as a result of the regul ations
were conputed, and the market equilibriumnodel was applied to
the data to generate changes in prices and quantities in each
mar ket .

3.1.1.1 Baseline. The coatings categories are grouped
into market segnents, as defined in Table 2-3. The price and
guantity data necessary to anal yze market effects are not
provided in the survey conducted for this study but are
avai lable fromthe U S. Census Bureau Current |ndustri al
Reports publications.® Because the Census Bureau categorizes
architectural coatings products differently than they are
classified in the survey for this study, the market segnents
were constructed so that data can be used from both sources
and provide the necessary |evel of resolution for market
analysis. This process resulted in the 13 market segnents
presented in Table 2-3. Appendix A provides the details of
this product/ market cross-referencing schene.

Table 2-3 lists quantities and val ue of shipnents for
each market segnent. Fromthese data, the average price for
each market was inputed. Because the market segnment price is
an average value, it may obscure heterogeneity of products
wi thin each group. Although the nodel aggregates different
products together to construct individual market segnents, the
objective in aggregating to the market segnents in Table 2-3
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is to provide a |level of resolution that both highlights
differences in the end use of the product (e.g., exterior
coatings versus interior coatings) and distingui shes between
groups that will be affected differently by the VOC content
regul ation (e.g., solventborne versus waterborne). Eight of
the 13 segnents consist of four pairs of related product
groups; one in each pair represents sol ventborne products and
the other represents waterborne products (e.g., interior
coatings). Although the products in each of the paired market
segnents possess different attributes, they performsimlar
functions, thereby suggesting a high degree of product
substitutability in demand. Denand el asticities were
estimated using procedures outlined in Appendix A.  Supply
el asticities could not be econonetrically estinated because of
data limtations; therefore, the aggregate supply elasticity
for each market segnent was assuned to be unitary (1.0).
3.1.1.2 Quantifying Market Shocks. The best-response
regul atory strategy for each stratumin the survey exceedi ng

the TOS limts is conputed in the previous section. For the
mar ket anal ysis, the | east-cost sol ution obtained previously
was conpared to an estimate of per-unit profits. |If the cost
term exceeded the profit term that stratumwas identified as
a “wthdrawal ” stratum Throughout this section, the market
resul ts using upper bound of product reformulation cost
($14,573 per year) are presented unl ess ot herw se indicated.
If the profit term exceeded the cost termand the | east-cost
option was refornulation, the stratumwas identified as a
“reformul ation” stratum |If the profit term exceeded the cost
termand the | east-cost option was the fee, the stratum was
identified as a “fee” stratum The nodel conputes the total
gquantity share of the withdrawal strata by sumnm ng the tota
quantity fromthese strata (Q* and dividing by the total
baseline quantity fromall strata for that market segnment in
the survey (@Q"). This share was then nultiplied by two-thirds
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(the previously referenced share of all nonconpliant fornulas
needi ng reformul ation) to conpute the market quantity subject
to the withdrawal option, which is denoted as the termRX 2

RC= (QY QT « (2/3). (3.1)

Simlarly, the nodel conputes the total quantity shares for
the refornmulation R superscript) and the fee strata
(F superscript), respectively:

R = (QYQT) - (2/3) (3.2)

R = (QF7QN) « (2/3). (3. 3)

Finally, all quantities not allocated to the exit,
reformul ation, or fee actions can be viewed as the
unconstrai ned share:

RR=1- R - RR- R, (3. 4)

To performthe market and wel fare effects cal cul ati ons,
the initial baseline market-|evel values for the exiting,
refornul ati ng, fee-paying, and unconstrained sectors are
obtai ned for reasons explained in the nethodol ogy description
in Appendi x D. The nodel derives baseline quantities by
mul ti plying the quantity shares derived fromthe survey data
by the initial baseline market quantity, Q)

Q=R+ Q (3.5)

F=R-Q (3.6)

aMul tiplication by two-thirds incorporates the previously di scussed
assunption that one-third of all products exceeding the limt can be
costlessly reformul ated (and thus woul d not be w t hdrawn).
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Q
1

R« Q (3.7)

Q=R Q. (3.8)
To quantify the supply effects of the per-unit fee on the

f ee-paying sector, as indicated in the equilibrium nodel

di scussion in Appendix D, the nodel conputes a value for the

unit fee as foll ows.

NF

F=> F < (Q77Q) (3.9)

i =1

where F, is the fee for fee-paying stratumi, QFfis stratum
i’s quantity, and Nis the nunber of fee strata in the market.
Finally, note that the nmeasure of producer surplus |osses
requires an estimate of marketw de refornul ation costs. The
nodel estimates this cost by taking the estinmated nunber of
(surveyed and nonsurveyed) products in each market opting to
refornmul ate and nultiplying this nunber by the annualized cost
of reformul ation.
Changes in Qutput and Price. Table 3-1 reports the
estimated output and price effects of the final regulation.
In general, the annual output and price effects are quite
small relative to baseline values. Price increases are
typically well below 1 percent of baseline price, with the
exception of the solventborne prinmers and undercoaters market
segnent, where the projected price increase is $0.012/L
(0.4 percent). In fact, to show any price effect, the change
in price is displayed to the fourth significant digit. In
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ot her words, the average market price for nearly all 13 market
segnents changes by less than 1 cent per unit. Estinmated
gquantity reductions, across all architectural coatings narkets
are approximately 926,000 L/yr. This figure is |less than
one-tenth of a percent of the industry baseline quantity.

The results indicate differential inpacts across narket
segnents. For exanple, solventborne priners and |Industri al
Mai nt enance show the | argest reduction in output. However,
four of the waterborne market segnments show a net increase in
out put produced. These projected increases result as
consuners substitute away fromthe sol ventborne counterparts
because of the regul ation-induced supply contraction and price
increases in those segnents. Wile noteworthy, these
increases are quite small in absolute terns.

Total Social Costs. The nmethod for estimating changes in
consuner and producer welfare effects is denonstrated in
Appendi x D. In general, the net welfare effect (social cost)
of the regul ation equals the sumof consuner surplus, producer
sur plus, and governnment surplus neasures. Costs are
di stributed across parties in such a way that refornul ating,

f ee-payi ng, and exiting producers experience welfare | osses by
incurring the regulatory costs (or w thdraw ng products) and
consuners bear welfare costs through higher prices. Changes

i n consuner surplus neasure | osses to consuners from hi gher
prices and foregone consunption. The total change in producer
surplus for each scenario equals the sum of the change in
producer surplus for the exiting products, fee-paying
products, reformulating products, and unconstrai ned products.
Losses to exiting products reflect the foregone profits the
producers woul d have recei ved had the products stayed in the
mar ket. Losses for fee-paying products neasure the net effect
of fee paynents and recordkeepi ng costs plus the parti al

of fset of these |osses by the rise in price caused by the
regul ati on.
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In Table 3-2, the producer |osses for reformnul ating
producers total -%$20.4 mllion. The nodel actually projects
total reformulation costs of $19.0 million, but $0.8 nillion
of total refornulation costs are recovered fromoffsetting
price gains accruing to the reformul ati ng producers.

Not e that the producer surplus effect for unconstrained
products is positive, reflecting the fact that producers of
t hese products gain the benefits of the regulation-induced
rise in price, without any change in their cost structure
caused by the regulation. However, the welfare gains accruing
to the unconstrai ned products are transfers from coating
consuners and, as such, should not be viewed as a net welfare
gain to society due to the regul ation.

The net annual wel fare cost estimate is $22.3 nillion.
This is approximately $12 million (41 percent) less than the
initial cost estimate for the regul ati on under the
reformul ation-only scenario (Table 2-2). Therefore,
accounting for econom c responses substantially reduces the
estimate of reqgulatory costs. Wlfare gains accrue to
unconstrai ned producers through higher prices ($3.2 mllion)
and the recipient of exceedance fee revenues ($4.0 mllion),
identified here as the governnent sector.® However, the
government may redistribute these revenues back to any of the
parties affected directly by the regul ations or back to the
citizenry via the Federal Treasury. From society’s perspec-
tive, the net welfare effects of the current transfer nethod
(architectural producers to the governnent) or alternative

®Note that the difference in | osses to fee-paying producers
($4.9 million) and governnent receipts ($4.7 mllion) is due to two
factors: the paynent of fee-related recordkeeping costs (+$0.6 mllion)
and gains fromoffsetting price increases (-%$0.4 mllion).
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distributions (e.g., back to architectural producers) are
zero.

As a point of conparison, market results were estinmated
subj ect to the | ower-bound cost assunption for refornul ation
(%6, 090/ product/year). The total welfare cost under that
scenario is $13.2 nmillion per year. Because of the | ow
refornul ati on cost, few products would opt for the fee under
t hat cost scenari o.

3.2 ARCH TECTURAL COATI NGS | NDUSTRY EMPLOYMENT | MPACTS

Regul ati on-i nduced reductions in industry output may | ead
to correspondi ng reductions in architectural coatings
enpl oynent. Enpl oynent inpacts are estimated by multi plying
t he baseline industry enpl oynent |evel (L,) by the
proportional change in industry output fromits baseline
| evel :

)L = OQQ) - L. (3.10)

This assunes a fixed relationship between output and
enpl oynent, at |east for the margi nal changes consi dered here.

Tabl e 3-3 presents the enpl oynent inpacts results. Total
enpl oynment for SIC 2581 is 51,100 enpl oyees. %25  The
architectural coatings sector is a subset of SIC 2581, so the
architectural coatings enploynent was conputed by taking the
ratio of architectural coatings output to SIC 2581 output and
multiplying it by SIC 2581 enpl oynment. This produced an
estimate of approximately 26,100 enpl oyed in the architectural
coatings sector.

The proportional change in architectural coatings out put
was conputed by taking the ratio of the change in output from
t he market nodel (summed across all market segnents) over
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TABLE 3-3. ESTI MATED EMPLOYMENT EFFECTS

Architectural Coatings

Share of Baseline

Qut put Change Qut put @ | mput ed Enpl oynment Change
(10® L) (9 (no. of enpl oyees)
- 926 -0. 039% -10.2

@ Baseline quantity and enpl oynment conputations are as foll ows:

CQut put
Sect or (10% gal) (10® L) I ndust ry Enpl oynment
Sl C 2581 1, 229, 800 4, 654, 793 51, 100 from Census
Archi tectural 627,723 2,375,933 26,083 inmputed from
nodel out put share

Sources: U.S. Departnment of Commerce. Current Industrial Reports: Paints
and Allied Products, 1991. Washington, DC, Government Printing
Ofice. 1992

U S. Department of Commerce. 1991 Annual Survey of Manufact ures:
Statistics for Industry Goups and Industries. Washington, DC
Governnment Printing Ofice. 1992.

basel ine architectural coatings output. This conputation was
performed for all four scenarios of the market nodel.

G ven that the output change estimates in the market
nodel are relatively small, it follows that the estinmated
enpl oynent inpacts are also small. Under the standard
scenari o, approximately 10 jobs are |ost nationw de, a
0. 04 percent reduction.
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SECTION 4
TRAFFI C COATI NG USER COSTS

The econom ¢ analysis up to this point has focused
entirely on the primary inpacts of the regul ation, those borne
directly by producers in the architectural coatings industry
in the formof higher costs and indirectly by the consuners of
architectural products in the formof higher prices. The
driving force of those inpacts is the requirenent that
nonconpl i ant products nust either be refornulated to a
conpliant VOC | evel, be subject to a fee on the excess VOCs
over the allowable level, or be withdrawn fromthe market.
However, in this section a type of secondary inpact is
consi dered, one that is caused by the costs that users of a
new y conpliant product must incur to purchase the speci al
equi pnent necessary to apply the conpliant coating. The
anal ysis focuses exclusively on users of traffic marking
paints, primarily consisting of governnent entities such as
state transportation departnents, for whomthe costs of
equi pnent switching are thought to be potentially significant.
While it is possible that other significant secondary inpacts
exi st, the extent and size of those is unknown and therefore
not quantified in this report.

One conplicating factor in estinmating the cost of the
regulation for traffic coating users is the fact that
equi pnrent replacenment is a normal activity that would occur in
t he absence of the regulation. Therefore, rather than view ng
the regul ation as creating equi pnent repl acenent
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responsibilities, it is nore correct to say that a different
(accelerated) tine pattern of equi prment replacenent is
required. This section presents the issue analytically and
then conputes the increnmental costs inposed on the popul ation
of traffic coating users.

According to the data collected for this study, the
service life of traffic marking coating trucks (stripers) is
typically 20 years.® |If the average truck is mdway through
its replacenent cycle, it will be replaced 10 years in the
future in the absence of the regulation. However, to apply
wat er borne coatings that are likely to result fromthe
regul ation, users will be required to change the application
equi pnent. The application equi pnment can be changed by either
pur chasi ng new trucks with the proper equi pnment or
retrofitting the current trucks with special equipnment to
handl e the new coatings. The incremental costs of each are
di scussed in turn bel ow.

4.1 TRUCK REPLACEMENT COST METHOD

In an exanple of truck replacenent, new trucks wll be
pur chased now rather than 10 years in the future, and this
accel eration inposes costs on the government entity. To
estimate the costs of this replacenent accel erati on process,
the cost of a large replacenent truck ($250,000) is used to
conpute the net present value (NPV) today (at a 7 percent rea
interest rate) of replacing the truck 10 years in the future:

NPV(—10) = $250, 000/ 1. 071 = $127, 087. (4.1)

| nstead, the governnent entity is nowrequired to replace the
truck today at a cost of

NPV(0) = $250, 000. (4.2)
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Assum ng no sal vage value for the current truck, the NPV cost
of accelerating the next replacenent is then the difference in
t hese val ues.

Initial net effect = NPV(0) — NPV(-10) = $122,913. (4.3)

Thus, if the regulation just accel erates the next replacenent,
the one-tine cost of that acceleration is approximately
$123, 000.

However, accelerating the replacenent of the current
equi pnent by 10 years al so accel erates the next round of
equi pnent replacenents (from 30 years hence to 20 years hence)
and so on. Thus, the effects reverberate into all future
repl acenent decisions. This point is denonstrated graphically
by the alternative tinme lines of expenditures in Figure 4-1.
The regul ation effectively noves up the entire repl acenent
schedul e by 10 years. The conputation nust therefore be
expanded to neasure the present value of the current and al
future adjustnents. To start, the present value of an initial
$250, 000 cash expenditure repeated every 20 years thereafter
IS conput ed:

V(0) = $250, 000 + $250, 000*( 1/ ((1.07)2° — 1))

$337, 118. (4. 4)

Wthout the regulation, this streamof costs would be deferred
10 years into the future. Evaluating this in present val ue
ternms gives

V(-10)= V(0)/1.07% = $171, 373. (4. 5)
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$250, 000 $250, 000 $250, 000
Cost Schedul e Wt hout T ] ] ]
Accel er at ed

Repl acenent

Year 0 10 20 30 40 50 .
$250, 000 $250, 000 $250, 000
Cost Schedule Wth T
Accel er at ed 1
Repl acenent
1 1 1 1 1 1
Year 0 10 20 30 40 50 .

Figure 4-1. Cost schedules with and w thout accel erated
repl acenent.

Thus, the difference in present val ue between the two
repl acenent cost streans is the total cost of accelerating
this and all future purchases:

Total net effect = V(0) - V(-10) = $165, 744. (4.6)

This can be viewed as a one-tinme cost of the regulation
for the conponent of a governnment entity’'s traffic coating
striper fleet that is 10 years old. This explicitly accounts
for the present value of the regulation’s effect on all future
repl acenent costs.



4.2 EQUI PMENT RETROFI T METHOD

An alternative to early replacenent of a traffic coating
truck is to retrofit the current truck with equi pnent that can
use the conpliant coating. This allows the governnent entity
to continue to use the current truck until the end of its
service life, at which tine it will be replaced with a new
truck that is able to apply conpliant coatings. Assum ng that
t he repl acenment schedule for the truck is unaffected by the
retrofit, then none of the costs of accel erated repl acenent
just discussed will apply. This is denonstrated in
Figure 4-2. As with the exanple in Figure 4-1, repl acenent
costs without the regulation would occur 10, 30, 50, etc.
years hence. Under the retrofit exanple, the governnent
entity incurs the retrofit costs now (Year 0) but still
mai ntai ns the sane future replacenent cost schedul e.
Therefore, assum ng no sal vage value for the retrofit
equi pnent, the one-tine cost of the regulation is sinply the
cost of purchasing the retrofit equipnment in Year 0. The
present value of all future costs is identical with and
wi t hout the regulation.

4.3 NATI ONAL | NCREMENTAL COST CALCULATI ON
The cost of the regulation for traffic coating users is
conputed separately for the estimted current fleet of nedium

stripers (Table 4-1) and |arge stripers (Table 4-2). Costs
are aggregated across both types and summari zed in Table 4-3.
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$250, 000 $250, 000 $250, 000

Repl acenment Cost
Schedul e Wt hout
Retrofit

Year 0 10 20 30 40 50 .
$250, 000 $250, 000 $250, 000
Repl acenment Cost T
Schedule Wth 1
Retrofit
$45, 000
= 1 1 1 1 1
Year 0 10 20 30 40 50 .

Figure 4-2. Replacenent cost schedules with and w thout
equi pnent retrofit.

Data on the vintage of the national fleets of nedium and
| arge stripers are provided in the traffic coating analysis
report by ERG % The governnent entities facing the decision
to replace trucks now or to retrofit each vintage striper in
the fleet are assuned to select the option that m nimzes the
present value of costs. Wen the PV of a new truck vs.
retrofit is calculated, it appears that it would cost |ess for
government entities to retrofit nmediumtrucks that are under
15 years old than to purchase new trucks. As a result, al
medi um stripers currently older than 15 years (i.e., wll be
replaced within 5 years) are projected to be scrapped (at no
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TABLE 4-1. NATI ONAL | NCREMENTAL COST OF TRAFFI C COATI NG
EQUI PMENT REPLACEMENT AND RETROFI TS—VEDI UM STRI PERS ($1996)

Assunpti ons

Basel i ne year equi pnent vintage 1999

Repl acenent cost $100, 000

T = service life 20

PV of replacenent cost every 20 $134, 847 conput ed
years

Retrofit cost $35, 000

Retrofit cutoff age 15

i = discount rate 0. 07

Sal vage val ue 0

Repl acenent schene

**** This is the present value (PV) (Year 0) of accelerating the
repl acenent schedul e.

PV
Repl acenen PV Nurber

Schedul ed t Cost Repl acenent PV of PV Tot al

Repl ace- W t hout Cost Wth Increnmenta Replace- Replace- Annualized
Age nment Year Regul ation Regul ation | Cost nent s nment Cost
20 0 134, 847 134, 847 0 150 0 0
19 1 126, 025 134, 847 8, 822 150 1, 323, 265 92, 629
18 2 117,781 134, 847 17, 066 150 2,559, 962 179, 197
17 3 110, 075 134, 847 24,772 150 3,715, 753 260, 103
16 4 102, 874 134, 847 31,973 150 4,795,932 335, 715

12,394,912 867, 644

(conti nued)



TABLE 4-1. NATI ONAL | NCREMENTAL COST OF TRAFFI C COATI NG
EQUI PMENT REPLACEMENT AND RETROFI TS—MEDI UM STRI PERS ($1996)
( CONTI NUED)

Retrofit schene

Assune that replacenent schedule is unaffected by retrofit.
Therefore service life of retrofit is equal to the remaining life of the
current equi pnent.

Schedul ed
Repl acenent =
Useful Life of PV per Nurber of PV of Annual i zed
Retrofit Retrofit Retrofit Retrofits Retrofits Cost

15 5 35, 000 150 5, 250, 000 367,500
14 6 35, 000 90 3, 150, 000 220, 500
13 7 35, 000 90 3, 150, 000 220, 500
12 8 35, 000 90 3, 150, 000 220, 500
11 9 35, 000 90 3, 150, 000 220, 500
10 10 35, 000 90 3, 150, 000 220, 500
9 11 35, 000 90 3, 150, 000 220, 500
8 12 35, 000 90 3, 150, 000 220, 500
7 13 35, 000 90 3, 150, 000 220, 500
6 14 35, 000 0 0 0
5 15 35, 000 0 0 0
4 16 35, 000 0 0 0
3 17 35, 000 0 0 0
2 18 35, 000 0 0 0
1 19 35, 000 0 0 0
30, 450, 000 2,131, 500

Sum 42,844,912 2,999, 144

@ The PV of the replacenment schene is the PV cost of an accel erated repl acenent
schedule. This is a one-tine event; thus, we annualize this value by
multiplying it by the discount rate. Al service life issues are inplicitly
captured in the PV cal cul ation.

b The PV of each retrofit is $35,000. This is also a one-tinme cost (i.e., it
does not need to be repeated). Therefore, it is also annualized by nmultiplying
by the discount rate.

Note: The replacenent of retrofitted vehicles will follow the sane schedul e as
wi t hout regul ation, so there is no replacement accel eration taking place.
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TABLE 4-2. NATI ONAL | NCREMENTAL COST OF TRAFFI C COATI NG
EQUI PMENT REPLACEMENT AND RETROFI TS—LARGE STRI PERS ($1996)

Assunpti ons

Basel i ne year equi pnent vintage 1999

Repl acenent cost $250, 000

T = service life 20

PV of replacenent cost every 20 $337, 118 conput ed
years

Retrofit cost $45, 000

Retrofit cutoff age 17

i = discount rate 0. 07

Sal vage val ue 0

Repl acenent schene
**** This is the PV (Year 0) of accelerating the replacenent schedul e.

PV PV
Repl acenent Repl acenmen Nurber

Schedul ed Cost t Cost PV of PV Tot al

Repl ace- W t hout Wth Incrementa Replace- Replace- Annualized
Age nment Year Regulation Regulation | Cost nents ment Cost
20 0 337, 118 337, 118 0 25 0 0
19 1 315, 063 337, 118 22,054 25 551, 361 38, 595
18 2 294, 452 337, 118 42,666 25 1, 066, 651 74, 666

1,618,011 113, 261

(conti nued)
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TABLE 4-2. NATI ONAL | NCREMENTAL COST OF TRAFFI C COATI NG
EQUI PVENT REPLACEMENT AND RETROFI TS-LARGE STRI PERS
($1996) ( CONTI NUED)

Retrofit schene
Assune that the replacenent schedule is unaffected by retrofit.

Schedul ed
Repl acenent =
Useful Life of PV per Nurber of PV of Annual i zed
Retrofit Retrofit Retrofit Retrofits Retrofits Cost
17 3 45, 000 25 1, 125, 000 78, 750
16 4 45, 000 25 1, 125, 000 78, 750
15 5 45, 000 25 1, 125, 000 78, 750
14 6 45, 000 15 675, 000 47, 250
13 7 45, 000 15 675, 000 47, 250
12 8 45, 000 15 675, 000 47, 250
11 9 45, 000 15 675, 000 47, 250
10 10 45, 000 15 675, 000 47, 250
9 11 45, 000 15 675, 000 47, 250
8 12 45, 000 15 675, 000 47, 250
7 13 45, 000 15 675, 000 47, 250
6 14 45, 000 0 0 0
5 15 45, 000 0 0 0
4 16 45, 000 0 0 0
3 17 45, 000 0 0 0
2 18 45, 000 0 0 0
1 19 45, 000 0 0 0
8, 775, 000 614, 250
Sum 10, 393, 011 727,511

@ The PV of the replacenment schene is the PV cost of an accel erated repl acenent
schedule. This is a one-tine event; thus, we annualize this value by
multiplying it by the discount rate. Al service life issues are inplicitly
captured in the PV cal cul ation.

b The PV of each retrofit is $45,000. This is also a one-tinme cost (i.e., it
does not need to be repeated). Therefore, it is also annualized by nmultiplying
by the discount rate.

Note: The replacenent of retrofitted vehicles will follow the sane schedul e as
wi t hout regul ation, so there is no replacement accel eration taking place.
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TABLE 4-3. NATI ONAL | NCREMENTAL COST SUMMARY FOR TRAFFI C
COATI NG EQUI PVENT ( $1996)

Striper Type PV of Cost Annual i zed Cost
Medi um (see Table 4-1) $42, 844,912 $2, 999, 144
Large (see Table 4-2) $10, 393, 011 $727,511
Tot al $53, 237, 923 $3, 726, 655

sal vage value) and replaced with new trucks, while all nedium
stripers under 15 years old are projected to retrofit the
current vehicles. The correspondi ng age threshold for this
decision is 17 years for large stripers.

Present val ue costs are conputed for each vintage year,
dependent on the replacenent/retrofit decision, and then are
mul tiplied by the nunber of stripers of that vintage in the
fleet. This calculation is then sumred across all vintage
years to estimte the present value of national costs. As
Tabl e 4-3 indicates, the present value of total national costs
is estimated at $53.2 million — $42.8 mllion for medi um
stripers and $10.4 million for large stripers.

This present value figure is the one-tine cost of the
regul ation for the governnent entities faced w th equi pnent
replacenent. For conparability with the other estimates in
this analysis, this figure nmust be expressed in annualized
terms. Because the acceleration (and its costs) are a one-
time event not to be repeated in the future, the appropriate
formof annualization is to conpute the correspondi ng
perpetual annuity value—+the anmount, if paid out in annual
install ments into perpetuity, that woul d have a present val ue
equal to the one-tine cost estimate. This nunber is conputed
sinply by multiplying the one-tinme cost estimte by the
di scount rate of 7 percent

Annual i zed cost = ($53.2 million) « .07 = $3.7 mllion
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This is the conceptually correct figure for the annualized
costs incurred by governnment entities to swtch equipnment for
traffic marking coating application. This annual estimate is
used to conpute cost-effectiveness neasures in the next
section.
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64.

65.

Eastern Research Goup. “Traffic Coating Analysis.”
Prepared for the U S. Environnental Protection Agency,
Ofice of Alr Quality Planning and Standards.
Morrisville, NC. Eastern Research G oup. 1998.

Ref. 64.
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SECTION 5
SOCI AL COST- EFFECTI VENESS ANALYSI S

The social cost estimates fromthe market anal ysis and
the estinmate of traffic coating user costs can be used to
conput e neasures of the social cost-effectiveness of the
regul ation. The distinction of “social” cost-effectiveness is
made to illumnate the fact that the costs evaluated are the
net costs inposed on society, i.e., the net welfare costs
estimated in the architectural coatings market plus the
resource costs incurred by traffic coating users to switch
application equi prment.

The neasure of social cost-effectiveness is conputed as
fol |l ows:

SCE = (| )W + TMEC)/|)E]|. (5.1)

| DWF| is the absolute value of the aggregate annual net change
in welfare (i.e., total social costs), sumed across all
markets in the market analysis. TMEC is the annualized
traffic marking equi pnent costs, and | )E| is the absolute

val ue of em ssion reductions. The |)W| of 20.2 mllion is
produced by the nmarket nodel. The TMEC value is estimted at
$3.7 million in the previous section and is adjusted to

$3.3 million (1991 dollars) for conparison with the market
results, leading to a total social cost estimte of

$23.5 mllion. For external reporting purposes, all nunbers
will be converted to 1996 dollars later in this section.
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The em ssions reduction estimte needs sone el aborati on.
To correspond with the cost estinates, a national estimte of
em ssions reduction nmust be used. The baseline estimte of
national VOC em ssions fromregul ated architectural coatings
products is 509,900 My.2% G ven the reduction of 20.6 percent
in 1998, the aggregate em ssions reduction in 1998 is
105,075 Mg, which is )E". However, the em ssions target nust
be adjusted by two nmarket-related factors: foregone em ssions
reduction due to selecting the fee option and changes (net
reduction) in em ssions due to regul ation-induced changes in
i ndustry out put.

The first adjustnent, )E™ was conputed by taking the
total quantity of “exceedance” em ssions for products electing
the fee option. These targeted em ssions reductions will not
be acconplished because of the fee option:

JER = OE)ES) < )E. (5.2)

The second adj ustnment was conputed by taking the ratio of
the change in industry output to baseline industry output and
mul ti plying by baseline industry em ssions:

JE? = OQQ) * E. (5.3)

)Qis the change in industry output, which is the sum of
mar ket -1 evel changes, Q is baseline industry output
(2.375 billion liters), and E, i s baseline em ssions
(509, 000 My indicated above).
Thus, the net em ssions reduction is conputed as foll ows:

aThis estimate is based on a national baseline en ssions estimate
provi ded by Eastern Research G oup of 560,900 tons, which is converted to
My by multiplying by the ratio of tons/My = 0.9072. The result is a
nati onal estimte of 509,900 M.
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YE = )ET + )ER + )EQ (5. 4)

Absol ute reductions are reported in Table 5-1. The net
reduction equals the targeted reduction, |ess foregone

em ssions reductions (due to fee), plus em ssion changes due
to changes in industry output via regulation-induced market

i nteractions.

The anal ysis focuses on conputing social cost per My of
em ssions reduction based on the market welfare costs and
traffic marking coating user costs estimated in the previous
sections. Table 5-1 presents the results. The social cost-
ef fectiveness estimate is $247/ M.

This estimate allows for an eval uation of cost-
effectiveness inplications of the fee option. Allow ng the
fee reduces social costs (conpared to the static national
reformul ation cost estimate of $34 mllion) by about
$12 mllion but foregoes about 1,802 My of em ssions
reduction, about 1.7 percent of the targeted reductions.

D viding the cost savings by foregone reductions approxi mates
t he margi nal social cost of the foregone reductions. This
figure is $6,580/ My, which is substantially higher than the
$247/ My average social cost-effectiveness nmeasure reported in
Table 5-1. This indicates that the fee’s main effect is to
reduce the nost expensive en ssion reductions.

An inportant inplication of these estimates is that the
fee option, while leading to a substantial reduction in the
soci al costs of the regulation, does not significantly
undercut the em ssions reduction target. Moreover, by
chargi ng the VOC exceedance fee, firns that opt for the fee
have a continued incentive to achieve margi nal reductions in
VOC cont ent.
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5.1 CONVERSI ON OF | MPACTS TO CURRENT DOLLARS

As indicated previously, all inpacts presented in the
anal ysis are in constant 1991 dollars. Some commenters
indicated a preference for values to be expressed in nore
recent years. Therefore, this section provides a
denonstrati on of how 1991 dollars can be converted into a
val ue closer to the current year. This conversion is
performed using the 3GDP price deflator. At the time of this
anal ysis, the nost recent year of data was for 1996; thus a
conversion is provided for 1996. Gven that the GDP index in
1991 is 97.4 and in 1996 the index is 111.0, a conversion
factor of 1.1397 can be applied to any value in the report.
Tabl e 5-2 denonstrates the conversion to 1996 dollars. The
esti mated annual net social welfare cost of the regul ation of
$25.6 mllion in 1991 dollars converts to $29.2 mllion in
1996 dollars. Thus, social cost-effectiveness estimte
converts from $247 My ($1991) to $282 My ($1996).

TABLE 5-2. CONVERSI ON OF SUMVARY | MPACTS TO 1996 DOLLARS

| npact Esti mate $1991 $1996
Net social cost $25.6 million $29.2 nmillion
Net social cost per $247/ My $282/ My
My of em ssions
reduction
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66.

Eastern Research Group. “Em ssion Reduction fromthe
Final Architectural Coatings VOC Rule.” Prepared for the
U.S. Environnental Protection Agency, O fice of Ar
Quality Planning and Standards. Morrisville, NC

Eastern Research G oup. 1998.
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SECTI ON 6
SMALL BUSI NESS | MPACT ANALYSI S

The Regul atory Flexibility Act (RFA) of 1980
(5 US.C 601, et seq.), as anended by the Small Busi ness
Regul at ory Enforcenent Fairness Act of 1996 (SBREFA), requires
the EPA to give special consideration to the effect of federal
regul ations on small entities and to consider regul atory
options that mght mtigate any such inpacts. The EPA is
required to prepare a regulatory flexibility analysis,

i ncl udi ng consi deration of regulatory options for reducing any
significant inpact, unless the Agency determ nes that a rule
wi |l not have a significant econom c inpact on a substantia
nunber of small entities.

The Agency prepared anal yses to support both the proposed
and final rules to neet the requirenents of the RFA as
nodi fi ed by SBREFA. The Agency undert ook these anal yses
because of the | arge presence of snall entities in the
architectural coatings industry and because the initial inpact
anal ysis indicated that there could be a significant economc
i npact on a substantial nunber of small entities if mtigating
regul atory options were not adopted for the rule. The
anal ysi s supporting the proposed rule was published in the
report titled, “Econom c Inpact and Regul atory Flexibility
Anal ysis of Air Pollution Regulations: Architectural and
| ndustrial Maintenance Coatings” (June 1996). The proposed
rul e contained a nunber of provisions to mtigate the rule’s



i npact on small busi nesses, and the Agency requested conment
on additional neasures to reduce the inpacts.

This section presents the small business inpacts and the
final regulatory flexibility analysis, including responses to
significant issues raised by public coments on proposed
conpliance options to mtigate the rule’ s inpact on smal
entities. After evaluating public coment on the proposed
mtigating options, EPA made a nunber of changes to the
proposed rule to further mtigate the rule’ s small business
inpacts. As a result, the Agency believes that it is highly
unlikely that the rule will have a significant econom c i npact
on a substantial nunber of small entities. However, in |ight
of the Agency’s inability to quantify the effect of the
mtigating options, the EPA has elected to conduct a
regulatory flexibility analysis and to prepare a SBREFA
conpliance guide to elimnate any potential dispute on whether
EPA has fulfilled SBREFA requirenents.

6.1 BACKGROUND AND AFFECTED ENTI Tl ES

Smal | busi nesses can be defined using the criteria
prescribed in the RFA or sone other criteria identified by
EPA. The SBA' s general size standard definitions for Standard
I ndustrial Classification (SIC) codes is one way to define
smal | busi nesses. These size standards are presented either
by nunber of enployees or by annual receipt |evels, depending
on the SIC code. For SIC 2851, Paint and Allied Products (of
whi ch architectural manufacturers represent approximtely
40 percent), the SBA defines small business as fewer than 500
enpl oyees. The coatings manufacturing industry, however, is
not | abor-intensive. For exanple, given the average val ue of
shi pments per enpl oyee (based on data presented in Sections 1
and 3), a firmwth 400 enpl oyees m ght have close to
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$100 mllion in sales (1991 $). Therefore, use of this SBA
definition would result in alnost all firnms in the
architectural coatings industry being classified as small,
whi ch does not appear appropriate given the sales |evel of
many firnms. Alternatively, based on input fromthe regul atory
negoti ati on process, the EPA has defined small businesses as
having | ess than $10 nmillion in annual architectural coatings
sales and less than $50 million in total annual sales of al
products. Using this definition, the section assesses the
basel i ne presence of small producers in specific architectural
coatings markets. The distribution of small producers by
mar ket segnent is inportant because inpacts vary substantially
by market segnent. After the baseline assessnent, an anal ysis
is perforned to estimate the extent to which specialization in
hi gher VOC products causes snmall conpanies to incur
di sproportionate inpacts. This is followed by an estimte of
t he average inpacts of regulatory conpliance on snal
architectural coatings conpanies, as neasured by the ratio of
conpliance costs to sales. The role of special provisions
such as the fee and small tonnage exenption all owance are al so
examned in ternms of their mtigating inpacts on snal
producers.
6.1.1 Potentially Affected Entities

A regul atory action to reduce VOC em ssions from

architectural coatings products will potentially affect the
busi ness entities that produce the products. Firns, or
conpani es, that produce architectural coatings are |ega

busi ness entities that have the capacity to conduct business
transacti ons and nake busi ness decisions. Figure 6-1 shows
the chain of ownership may be as sinple as one facility owned
by one conmpany (firm) or as conplex as multiple facilities
owned by subsidi ary conpani es.
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Figure 6-1. Chain of ownership.

Determ ning the total nunber of firns that wll be
affected by the regulation is difficult because nost of the
avai |l abl e Census data are reported at the four-digit SIC code,
and architectural coatings manufacturers, for whomthis
regul ation applies, are a subset of the entire coatings
i ndustry represented by SIC 2851. The 1987 Census of
Manuf actures, Industry Series: Paint and Allied Products
identified 530 conmpanies with shipnents of $100,000 or nore
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t hat manufacture architectural and special purpose coatings. %
For the purpose of this analysis, 500 architectural coating
manuf acturers were assuned to exist. Data fromthe
Architectural and Industrial Surface Coatings VOC Em ssions

| nventory Survey (the survey) conducted by the National Paint
and Coatings Association provided data for 116 firnms, 36 of
whi ch identified thensel ves as having under $10 million in
annual net sales.™® \Wile small businesses represent about
31 percent of the firns in the survey, a |larger share of
nonsurveyed firnms appear to fall in the small business
category. ¢

6.1.2 Requlatory Requirenents

As discussed in Section 2, the regulation constrains
firms that produce architectural coatings products over the
VOC content limts in one of three ways:

e requires they produce products with VOC content under
the established set of l[imts,

e inposes a fee on each unit of product that exceeds the
l[imts established in the regulation, or

e requires they withdraw the product fromthe market.
Thus, absent the small tonnage exenption, firns with a heavy

(baseline) concentration of products above the limt for their
respective product categories are nore tightly constrained by

aThese are the two Census categories within SIC 2851 where nost of
the architectural coatings products are represented, and this figure
i ncl udes compani es that produce architectural products, whether or not it
is their primry product.

®Twel ve survey respondents did not indicate conpany size.
°The 116 survey respondents conprise about one-fifth of the firns
maki ng architectural coatings products but account for about three-fourths

of industry output. Thus the nonsurveyed firnms are relatively numerous but
produce relatively little vol une.
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the regul ation than those with a |lighter concentration of
above-limt products, all else equal.

6.2 ANALYSIS

The quantitative analysis of small business inpacts draws
fromthe NPCA survey data for the 36 conpanies classified as
smal|l (less than $10 mllion in architectural sales and
$50 mllion in total sales). Wile this is a relatively smnal
sanple of all potentially inpacted small conpanies (less than
10 percent), it is assunmed that the surveyed small conpanies
are fairly representative of the nonsurveyed snmall conpanies.
As described below, efforts were nade to expand the sanple
beyond the 36 surveyed small conpanies, but the inability to
estimate firmspecific costs made such an extension
problematic. Therefore the results of this analysis should be
interpreted with the usual caution surrounding small sanples.
6.2.1 Baseline Market Presence of Small Architectural

Coati ngs Producers

Smal | busi ness presence in specific coatings markets
i ndi cat es one di nension of how small firns may be affected by
the regulation. For certain product markets, small businesses
predom nate and thus may be disproportionately affected if
limts are particularly restrictive on those categories.
Table 6-1 lists the coatings product categories provided in
the survey.® The survey data represent producers that account
for approximately three-quarters of the total industry product
vol une. ¢

Smal | conpani es produce nore than 20 percent of the
products in the survey, but these products account for just
3.6 percent of total coatings volune and 3.7 percent of total

9This is based on the ratio of Census product volume (part of the
total SIC 2851 volune) to the survey product vol une.
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revenue. This is evidence that small businesses tend to
produce | ower vol unes per product. The average price per
product in the small business segnent is $2.52/L, conpared to
$2.44/L for the industry. The |largest volune category for
smal | producers is roof coatings, at 19.9 mllion L/yr. Small
producers conprise just over 22 percent of the volune in that
category. Small businesses produce over 95 percent of the
total volume of antigraffiti coatings, but the volunme is quite
low, with six products totaling about 40,060 L

Q her categories in which small producers conprise nore
than 20 percent of the market volunme are | acquers, nastic
texture coatings, graphic arts coatings, bond breakers, and
appurtenances. In addition to roof coatings, small producers
collectively produce over 4 mllion L in the follow ng
categories: traffic marking paints, exterior nonflats,
bi tum nous coatings, lacquers, and interior flats.
6.2.2 VOC Content of Small Business Products: Technol ogy and

Speci alization Effects

The extent to which small businesses are affected by the
architectural coatings regulation will depend partly on the
average VOC content of small business products relative to the
i ndustry average. Table 6-2 presents the average baseline VOC
content for products manufactured by small busi nesses as
conpared with those manufactured by the industry as a whole. "
Smal | busi ness products generate approximately 6.2 percent of
total VOC em ssions in the survey, which is substantially
greater than their output share. The average VOC content for
smal | busi ness products, 325 g/L, is alnost 75 percent higher
than the average VOC content for all surveyed products
conbi ned, 186 g/L.

Smal | busi ness products have a hi gher VOC content than
the industry average for two possible reasons. First, snal
busi nesses specialize in products that tend to be higher in
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TABLE 6-2. BASELI NE VOC CONTENT

VOC Aver age VOC
Si ze Em ssi ons Sal es Cont ent
Cat egory® (M) (kL) (g/L)
Al'l products 344, 059 1, 853, 623 186
Smal | busi ness 21, 431 65, 914 325

products

& The survey had 116 respondents and 36 of those identified thenselves as
havi ng under $10 million in annual sales. Twelve survey respondents did
not report conpany size.

Source: Industry Insights. Architectural and Industrial Mintenance
Surface Coatings VOC Em ssions Inventory Survey. Prepared for
Nati onal Paint and Coatings Association in cooperation with the
Al M Regul atory Negotiation Industry Caucus. Final Draft Report.
1993.

VOCs because of fundanental performance requirenents of the
products. Second, small businesses tend to produce higher
VOC- cont ent products regardl ess of the product category. The
first reason can be called a specialization effect and the
second reason a technol ogy effect.

Sonme further clarification may be in order. Many of the
smal | conpanies in the architectural coatings industry are
regional firms whose product line is tailored to the region in
whi ch they operate and nmay tend to focus on smaller “niche”
mar kets for which | arger manufacturers nmay not choose to
devote manufacturing and marketing resources. Thus snall
busi nesses may “specialize” in higher VOC coatings wthin
categories. Therefore, what is referred to here as a
technol ogy effect (higher VOC within categories in which snal
and | arge manufacturers conpete) may be caused by
specialization strategies. |In other words, sone technol ogy
effect may actually be due to specialization within a
category. Wth that caveat in mnd, this report refers to
across-category factors as the specialization effect and
wi thin-category factors as the technol ogy effect.
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Di stingui shing between specialization and technol ogy
factors underlying small conpanies’ higher VOC content is
inportant in terns of the scope for regulatory flexibility.

To the extent that the specialization effect dom nates, smal
busi ness inpacts can potentially be addressed by nodifying the
VOC Iimts in the high VOC categories where small conpani es
specialize. |If the technology effect dom nates, there is |ess
scope for nodifying category limts to reduce inpacts.

The observed difference in average VOC content of snal
busi nesses and all products was separated into the
speci alization and technol ogy effects using a sinple
procedure. First, a neasure of the projected average VOC
content of small business products was conputed. The
proj ected val ue was based on the distribution of smal
busi ness products anong the different product groups, weighted
by the average VOC content of each group. This is a neasure
of its specialization-based VOC content:

N
vS=X¥ v!'-sf. (6.1)

Here, V' is the industry average VOC content for all products
in product category i, SBis the share of total small business
product quantity attributable to product category i, and Nis
the total nunber of product categories.® The separation of

t he average VOC content difference into the two conponent
effects derives fromthe foll ow ng equati on:

(Vv - V) = (VB - VS + (Vs - V) (6. 2)
Difference = Technol ogy + Specialization

in Average Ef f ect Ef f ect

Cont ent

es;B is not the small business share of total production in category
I, but rather the contribution of category | to total small business
producti on.
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VB and V' are, respectively, the small business and

i ndustryw de VOC content averages. The technol ogy effect
guantifies the difference between the actual average VOC
content for small businesses and the specialization-adjusted
average. The specialization effect quantifies the difference
bet ween the speci alization-adjusted average for snal

busi nesses and the overall industry average.

Tabl e 6-3 yields the conmputation of the V° neasure for
the small business products in the survey.’” The conputed V¢
value is 261, neaning that one woul d expect an average VOC
content of 261 g/L for the small business sector, based purely
on the way their products are distributed anong product groups
(i.e., their specialization). Placing this value into Eqg.
(6.2), along with the values for V® and V' given above (325 and
186), the breakdown is conputed as foll ows:

(VB - V) = (VB- \®) + (V8- \)
(325-186) = (325-261) + (261-186)
139 = 64 + 75

Approxi mately 54 percent of the 139 g/L difference
bet ween the small business sector’s VOC content average and
t he industryw de average can be attributed to greater
speci alization in high-VOC product categories (specialization
effect), and the remaining 46 percent can be attributed to the
di sproportionate presence of small business products in the
hi gh- VOC end of the respective product categories (technol ogy
effect).

As indicated above, this finding has inplications for the
feasibility of designing a TOS to mnimze small business
i npacts. Since small business producers are sonewhat
concentrated in the higher VOC categories, as indicated by the
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TABLE 6-3. SPECI ALI ZATI ON- BASED AVERAGE VOC CONTENT:
SMALL BUSI NESS PRODUCTS?

Shar e-
Al | Wi ght ed
Mar ket Pr oduct s Share of Tot al Cont ent
Segnent Regul ati on Aver age VOC Smal | Busi ness Fact or
Nurber Cat egory (g/L) Vol une (g/L)
12 Bond breakers NA NA NA
12 Concrete curing 621 NA NA
conpounds
1,2 Roof coatings 239 0. 3025 72.20
11 Traffic marking 369 0. 0857 31. 66
paints
1,2 Nonf | at , 173 0.0723 12. 49
exterior
1,2 Bi t unm nous 23 0. 0675 1.54
coatings and
mastics
Lacquers 657 0. 0665 43.72
3,4 Flat, interior 52 0. 0639 3.30
1,2 Fl at, exterior 79 0. 0504 3.99
7,8 Var ni shes 474 0. 0482 22.84
3,4 Nonf | at , 134 0. 0425 571
interior
5,6 Prinmers 172 0. 0422 7.23
13 Mastic texture 146 0. 0400 5. 85
coatings
13 I ndustri al 374 0. 0395 14.78
mai nt enance
coatings
12 Metallic 459 0. 0363 16. 66
pi gnent ed
coatings
7,8 St ai ns, 475 0. 0091 4,34
seni transpar ent
7,8 Seal ers 312 0. 0053 1. 66
7,8 Wat er pr oof i ng 632 0. 0048 3.05
seal ers, clear
3 Quick dry 461 0. 0042 1.96
enanel s
12 Graphic arts 366 0. 0038 1.40
coatings
7 Shel | acs, cl ear 539 0. 0032 1.72
& opaque
sol vent bor ne
13 Apur t enances 411 0. 0030 1.25
1,2 Hi gh perfornmance 335 0. 0022 0.74

(conti nued)
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TABLE 6- 3.

SPECI ALI ZATI ON- BASED AVERACE VOC CONTENT:
SMALL BUSI NESS PRCODUCTS?* ( CONTI NUED)

Shar e- Wi ght e

All d
Mar ket Pr oduct s Share of Total Cont ent
Segnent Regul ati on Aver age VOC Smal | Busi ness Fact or
Nurber Cat egory (g/L) Vol une (g/L)
12 Swi nmi ng pool 552 0. 0019 1.06
coatings
13 Sandi ng seal ers 525 0. 0012 0. 64
5,6 Under coaters 206 0. 0010 0.21
12 Dry fog coatings 300 0. 0010 0.29
12 Antigraffiti 397 0. 0006 0.24
coatings
, St ai ns, opaque 257 0. 0006 0. 15
, Wat er pr oof i ng 239 0. 0003 0. 06
seal ers, opaque
12 Pretreat ment wash 706 0. 0002 0.12
primers
13 Hi gh-tenperature 561 0. 0001 0.04
coatings
10 Bel ow gr ound wood 541 0. 0000 0. 00
preservatives
10 Cl ear wood 419 0. 0000 0. 00
preservatives
10 Opaque wood 362 0. 0000 0. 00
preservatives
10 Semi transpar ent 548 0. 0000 0. 00
wood
preservatives
12 Form rel ease 599 0. 0000 0. 00
conpounds
12 mul ti col or 321 0. 0000 0. 00
coatings
13 Fire-resistant/ 16 0. 0000 0. 00
ret ar dant
coatings
13 Magnesi t e cenent NA 0. 0000 NA
coatings
5,6 Qui ck dry 439 0. 0000 0. 00
priners,
under coat er s
Suns/ aver ages 1. 0000 260. 87°
@ Small businesses are defined as producing less than $10 million in
architectural coatings products or less than $50 million in total sales.
b Specialized average VOC content equals the sum of share-weighted content
factors.
NA = Not avail able
Source: Industry Insights. Architectural and Industrial Mintenance Surface

Coat i ngs VOC Emi ssions Inventory Survey.
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and Coatings Association in cooperation with the Al M Regul atory
Negotiation Industry Caucus. Final Draft Report. 1993.
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enpirically sizable specialization effect, the regulation can
be designed to be sonewhat |less restrictive in categories with
hi gh smal | busi ness presence. However, the effectiveness of
such an approach in mtigating small business inpacts wll be
[imted by the fact that small business producers are al so
concentrated in the high-VOC range of each product category.
An addi tional approach taken by the EPA was to eval uate
requests for additional categories to determne if a breakout
category for products in the higher-VOC range of a category
was needed.

In 1993, the National Paint and Coatings Association
(NPCA) anal yzed the VOC content limts that were under
di scussion during the regulatory negotiation and found that
the projected em ssions reduction fromthe snall business
sector woul d be 19.65 percent of baseline em ssions, conpared
to a projected 25 percent reduction for the industry.”? This
estimate provi des sone evidence of relief for small business
products under the standards under consideration at the tine.
Moreover, the final regulation is less stringent than the form
provided to NPCA in 1993. Unfortunately, data were not
avai l able to reconpute these estimates based on the current
content limts to see whether the proportional reduction from
the smal|l business sector is still less than the current
overall reduction target of 20 percent.
6.2.3 Costs Associated Wth Requlatory Conpliance

As discussed in Section 2, conpliance options that can be

gquantitatively evaluated include product refornulation and the
paynment of an exceedance fee. The cost of a typical
reformulation is estimated at $87, 000 per refornulation.’
This initial cost is converted to an annualized cost of

6- 18



$14,573.7 The per-unit fee that producers can use as an
alternative conpliance nechanismis conputed as foll ows:

fee = (VOC content — VOC limt) e rate. (6.3)

VOC content is neasured in grans per liter, and the fee rate
is paid on the granms per liter in excess of the limt. The
fee rate is $2,500 per ton or $0.0028 per excess g/L (in 1996
dol l ars, $0.0024 when converted to 1991 dollars). Total fee
paynment per product sinply equals the per-liter fee multiplied
by total liters of production.

6.2.4 Reformulation Cost |npact Estinmates

G ven the data fromthe survey and the VOC content limts
set by the standard, the nunber of products produced by snal
busi nesses that exceed the VOC |imts were identified. The
nunber of potential refornulations was estimated by appl yi ng
the content limts to the nunber of products reported by
category and VOC content in the survey to determ ne the nunber
exceeding the limt for each category. Results are reported
in Table 6-4.* An estimated 421 small business products in
the survey (42 percent) exceed the VOC content limts. This
figure is slightly higher than the proportion of all surveyed
products that exceed the limt (36 percent). As established
in Section 2, approximtely one-third of products over the VOC
[imt can costlessly conply wth the regul ati on because of
their simlarity to the remaining over-the-limt products that
are being refornmulated. The remaining over-the-limt products
are referred to as “constrained” by the regulation and the sum
of the costless conpliance products and under-the-limt
products as “unconstrai ned” by the regulation.

fDetails of the derivation of these estinates are presented in
Section 2 of this report.
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Less than 10 percent of the small business products in
t he sandi ng seal ers, mastic texture coatings, and bitum nous
categories wll be constrained by the regulation. Sw mm ng
pool coatings, shellacs, and hi gh-tenperature coatings
produced by the small business sector will require no
refornmul ations. Traffic paints, roof coatings, and varni shes
are all relatively high-volune categories in which over
40 percent of the surveyed small business products are
constrained by the VOC limts.

6.2.4.1 Small Business Inpacts Under *“Reformnulation-

Only” Option. In this section, the estimtion of the total

and per-unit annualized conpliance costs for snall producers
in each product category with reformulation as the only
conpliance option is described. As with the inpacts presented
in Section 2, the “reformul ation-only” scenario gives the
upper bound of regulatory costs. The effect of cost-reducing
strategies (fee and withdrawal) is considered in the next
subsecti on.

The annual i zed $14,573 estimate of the cost per
reforrmul ation was multiplied by the nunber of products
constrained by the regulation (all products over the limt
| ess the one-third that can costlessly conply). Table 6-4
lists the cost estimates. These costs can be conpared with
revenue information to gauge the relative inpact of the
regul ation on snmall busi nesses.

To conpute product revenue, the anal ysis uses average
price per liter for each category (see Sections 2 and 3) for
the market segnent in which the category is classified.? The
cost of refornmulation as a percentage of revenues was conputed
using the estimted cost of refornulation divided by the

%Where a coating category could not be separated into waterborne and
sol vent borne market segnments (categories in market segments 1 through 8), a
wei ght ed average of the two prices was used.
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i nput ed revenues for each product category. ldeally, costs
woul d be cal cul ated for each firmaffected by the regul ation
and conpared to the firms revenues as a firmspecific nmeasure
of inpacts. Then, these neasures could be used to determ ne
t he nunber and percentage of firns exceeding certain
cost/revenue threshold values, e.g., 1 percent or 3 percent.
What constitutes a significant inpact varies, depending on
typical profit rates and other industry-specific factors.
Unfortunately, the product-level survey data used to
estimate costs did not identify the firnms that produced each
surveyed product. Therefore, it was not possible to estimate
costs at the firmlevel. In lieu of the firmlevel neasures,
t he anal ysis cal cul ated cost/revenue affects per market
segnent (in Table 6-4) and the average cost/revenue rati o per
smal | conpany using sunmary totals fromthe small business
conponent of the survey (in Table 3-5).
6.2.5 Cost Inpacts Across Market Segnents

The data presented in Table 6-4 illustrate a nunber of
scenarios pertaining to potential small business inpacts of
the regul ati on under a reformnul ation-only response scenari o.
Key phenonena indicated by the data are exam ned bel ow.

Based on the survey data, roof coatings is the |argest
quantity and hi ghest revenue category for small businesses.
For small business roof coatings, 43 percent of the individual
products will be constrai ned; however, the cost of
refornmul ation as a percentage of sales is relatively snmall,
| ess than 1 percent.

Categories with cost/revenue ratios in excess of
10 percent are highlighted in bold in Table 6-4. The three
hi ghest inpact categories are opaque wat erproofing sealers
(43.7 percent), opaque stains (56.7 percent), and pretreatnent
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wash primers (84.1 percent).” In each case, the large inpacts
result fromthe fact that the average product volunes are very
small (e.g., just 2,800 liters per product in pretreatnent
wash prinmers). This provides further evidence of the point
made throughout the report that the inpact on small vol une
products is potentially |arge because of the fixed cost nature
of reformulation. Cbviously the inpacts would be dramatic if
t hese products were forced to refornulate. However, the fee
option provides relief fromthese high inpacts. Therefore,
t he hi ghest proportional inpacts estimated in Table 6-4 would
not occur with the fee as a conpliance option. |If, for
i nstance, an average size pretreatnent wash priner
(2,800 liters) were 100 g/L over the limt for the category,
then the total fee paynent would be (100 g/L) « $0.0022/g -
2,800 I = $616. dearly the producer’s cost-ninimzing
conpliance option would be to choose the fee rather than incur
t he annual i zed refornul ati on cost of al nost $15,000. As a
result, the 84.1 percent figure greatly overstates the true
cost inpact for the prototypical pretreatnent wash priner
product. G ven the fee anount just conputed, the figure would
be closer to 5 percent of revenues for that category. Simlar
argunments can be made for the other categories representing
the highest inpacts in Table 6-4. Further quantitative
evi dence of the cost savings fromthe fee (and w t hdrawal)
conpliance options is presented bel ow.

Antigraffiti coatings present quite a different smal
busi ness i npact outconme. Small businesses represent al nost
the entire market but produce small quantities in relation to
ot her coating categories and generate | ower revenues. Only
one product requires refornulation under the VOC |imts, but

"This analysis is based on the interimstandards presented in
Section 2. As indicated in Section 7, the content |imt for opaque
wat er proofing was raised in the final standards. Thus, the cost inpact for
that category would likely be I ower than indicated here.
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the cost of refornulating that product would represent about 6
percent of revenues in the category.
6.2.6 Average Cost Inpacts for Snmall Conpany

For the small business segnent of the architectural
coatings industry overall, 42 percent of the products are over
the VOC content Iimts, and 28 percent are expected to undergo
refornul ati on, pay an exceedance fee, or exit. The total
annual i zed cost for the sanple of small businesses in the
survey under the refornmulation-only scenario is $4.1 nmillion.
The average cost per unit is $0.06 per liter.

Tabl e 6-5 conpares small firmand industry averages for
revenues, nunber of products, and refornulation costs.” Snal
busi nesses on average manufacture approxi mately one-third
fewer products than the industry average. On average, snal
firms have fewer constrained products than the industry
average, but they conprise a slightly |arger percentage of
total nunber of products, 28 percent, as conpared to
23 percent for the industry. Simlarly, small business
reformul ation costs as a percentage of revenues are higher at
2.5 percent than the industry at roughly 0.4 percent.

In response to concerns expressed in the public conment
period about the limted coverage of firns used to assess
smal | busi ness inpacts, EPA obtained a list identifying snal
busi nesses in the industry and gathered data on total revenues
and enpl oynent for these firns. However, w thout specific
informati on on the nunber of products produced and their VOC
content, there is no nethod to determ ne the nunber of
products for each firmthat would incur reformnulation costs.
Unfortunately, assigning the average costs for a small firm
presented here (based on 7.8 nonconpliant products) cannot
produce a neani ngful evaluation of the distribution of smal
firms’ inpacts. This occurs because the cal cul ati on of
cost/revenue ratios for these firns varies the denom nator
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TABLE 6-5. AVERAGE REGULATORY | MPACT BY FI RM SI ZE—
“ REFORMULATI ON- ONLY”  SCENARI O

I ndustry Small Firm
Aver age Aver age
Revenue® ($1991) 38, 990, 000 4,614, 000
Number of products® 42. 4 27.5
Nunber of products facing najor 9.9 7.8
reformul ati on®
Annual i zed refornul ati on cost® ($1991) 144,272 113, 669
Rati o of annualized refornulation 0.4 2.5

cost to revenues (percent)

a The survey has 116 respondents and 36 of those identified thensel ves as
havi ng under $10 million in annual sales. Twelve survey respondents did
not report conpany size.

b Data for revenues and products per firmwere based on data reported in
Table 6-1. The nunber of products per firmis based on the total nunber
of products for which quantity data are avail abl e.

¢ This nunmber represents two-thirds of the products over the 1998 TOS
I ndustry experts estinate that approxi mately two-thirds of the products
with VOC contents exceeding the TOS limts face a “mgjor” refornulation.

¢ Annual i zed cost of refornmulation is the nunber of mmjor reformul ations
mul tiplied by the annualized refornul ati on cost estinmate per product of
$14, 573 ($1991).

Source: Industry Insights. Architectural and Industrial Mintenance
Surface Coatings VOC Em ssions |Inventory Survey. Prepared for
Nati onal Paint and Coatings Association in cooperation with the
Al M Regul atory Negotiation Industry Caucus. Final Draft Report.
1993.

(revenues) by firm but the nunerator (conpliance costs)
remain fixed as those represented by the nodel (average) firm
Using this nmethod, the estinmated inpacts would, by definition,
be relatively larger for firms with smaller revenues.

However, it does not necessarily followthat a firmwth | ow
revenues woul d have the same | evel of refornulation costs as a
firmw th | arger revenues; such an analysis would therefore
overstate inpacts on the smallest firns. Therefore, for the
final rule EPA uses the data fromthe 36 firns in the survey
to provide a representative | ook at nodel conpany snal

busi ness inpacts as descri bed above.
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6.2.7 Potential Factors Mtigating Small Busi ness | npacts:

Exceedance Fee, Wthdrawal, and Tonnage Exenption
6.2.7.1 Fee and Wthdrawal Options. As discussed in
Section 2, a product’s output |level affects the choice between

reformul ati ng the product and payi ng an exceedance fee. Since
the cost of refornulation is a fixed cost (i.e., it is
i ndependent of output level), the average refornul ati on cost
per unit of output falls as output |evels increase. However,
t he exceedance fee per unit of output is constant with respect
to the output levels and the fixed costs of the fee
(recordkeeping) are relatively small. Thus, the fee is nore
likely to be chosen by small-vol unme producers, all else equal.
Because the fee will be nore cost-effective only for
| ower - vol ume products and | ower-excess VOC cat egori es,
allow ng the fee option should have a relatively small i npact
on variation fromthe aggregate em ssions reduction targets as
|l ong as the fee assessnent rate is not set at an
i nappropriately low level. The results presented in Section 2
support this point. Therefore, the fee option provides
increased flexibility for small businesses by placing an upper
limt on the per-unit costs of conplying with the regul ation,
wi thout significantly jeopardizing VOC em ssions reduction
targets.

It is not possible to directly conduct a best-response
(l east-cost) analysis of the fee/refornul ati on deci sions for
the small business segnent of the survey because of
insufficiently detailed VOC data on small businesses.
However, the results of the best-response analysis in
Section 2 can be enployed to indirectly neasure the effect of
alternative conpliance strategies on the relative size of
smal | busi ness inpacts.

Based on survey data for the snmall business segnent, the
average small firmhas 27.5 products, 7.8 of which would be
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constrained by the regulation. Table 6-6 divides the average
smal | conpany’s nunber of constrained products into three
conpliance categories: refornulation, fee, and w thdrawal .
The average nunber of products selecting each strategy is
based on the average percentage of all constrained products in
the survey (small conpany and | arge) that sel ect each option.

TABLE 6-6. AVERAGE REGULATORY | MPACT FOR SMALL
COMPANI ES— BEST- RESPONSE” SCENARI O

Per cent of
All
Const r ai ned “Expect ed” Aver age
Sur vey Nunber of Conpl i ance
Product s Product s Cost per Conpl i ance
Conpl i ance Sel ecting Sel ecting Pr oduct Cost
St rat egy Opti on Strat egy? (1991 $) (1991 $)
Ref ormul at e 60. 5% 4.7 14,573 68, 767
Fee 35. 5% 2.8 7,197° 19, 936
W t hdr awal 4. 0% 0.3 12, 705° 3,955
Tot al 100. 0% 7.8 11, 879 92, 658
Aver age percent of sales 2. 0%

& Equal s average nunber of constrained products for small conpanies (7.8)

mul tiplied by percentage of all constrained products in the survey
sel ecting each strategy.

Average fee cost conputed by taking the average fee rate ($0.084/L),
mul ti plying by the average size per small conpany product (65,914 L),
and addi ng the recordkeepi ng cost per product of $590.

Equal s the average val ue of foregone profits for the 46 surveyed
products that select the fee as the best-response strategy.

b

This is expected to be a conservative assunption because snal
vol ume products produced by small businesses are nore |ikely
to select the fee option to reduce regul ati on costs.
Compl i ance costs were estimated by multiplying the nunber of
products in each category by the per-product cost of that
strategy. Summed across all products, the per-conpany
conpliance costs fall to about $88, 000, which is about

23 percent less than the cost per conpany under the
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reformul ation-only scenario. The average cost ratio under the
best -response scenario is 2.0 percent. Considering that snal
conpani es nmay be even nore likely to select the fee than the
survey popul ation at large, the cost reductions may be even
greater than those estimated in Table 6-6.

The results presented in Tables 6-5 and 6-6 together
indicate that, while the average inpact on small conpanies is
expected to be larger than the average inpact on al
producers, the alternative strategies to reformnulation,
particularly the fee option, can reduce the small conpany
i npacts substantially.

6.2.7.2 Tonnage Exenption. As an alternative to the fee

options of refornulation, fee, or wiwthdrawal, the EPA w ||

al l ow a phased tonnage exenption for architectural producers.
Affected firnms will be allowed to exenpt a total of 23 My of
VOC em ssions fromcontrol responsibilities through

Decenber 31, 2000, 18 My in 2001, and 9 My in 2002 and beyond.
These tonnage exenption levels differ fromthe fee in two
ways. First, the exenpt em ssions can be applied across al
nonconpl i ant products a firm produces, whereas the fee is
assessed individually for each nonconpliant product for which
the fee is selected. Second, the exenpt em ssions that are
granted are the total em ssions of the product rather than
just those in excess of the content |imt. Thus, a firmnust
coordinate the VOC | evel s and requirenents of all facilities
and products to determ ne which ones wll be produced under

t he tonnage exenpti on.

The tonnage exenption allows sonme | ow vol ume products
relief fromreformulation costs that can be difficult to
recover fromthe small anmount of revenue generated by a
| ow-vol unme product. Both the exceedance fee alternative and
t he tonnage exenption are conpliance options ai med at
addressing the potential issue of “niche markets” in which
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| ow- vol ume products exist for which it may not be
cost-effective for either the manufacturer or resin supplier
to develop a |l ower VOC fornul ation

The EPA | acks data to directly evaluate the econom c
i npact of the tonnage exenption. It is |likely, however, that
many of the products covered under the tonnage exenption m ght
ot herwi se be subject to the exceedance fee because both
provi sions are nost applicable to the smallest vol une
products'. Therefore, the tonnage exenption provision is not
likely to further curtail em ssions reductions nuch beyond
what is curtailed by the fee option. However, to the extent
that it supplants the fee as a firm s conpliance option, it
wi |l reduce the financial inpact of the regulation on that
firm For exanple, if 9 My of VOCs exenpted from regul ati on
represents 3.6 My of exceedance (assum ng an exceedance rate
on over-limt products of 40 percent), then the firm subject
to the tonnage exenption can forego 3.6 My worth of fee
paynments which, at $2,200 per M5 (in 1991 dollars), translates
to an inpact reduction of $7,920 per firm |If this is applied
to the roughly 500 firms in the architectural coatings
i ndustry, the maxi mum potential reduction in aggregate
producer inpacts is estinmated to be about $4 mllion.
However, it cannot be directly determ ned whether each firm
woul d be able to take advantage of the tonnage exenption and
i ncur these savings. One should also note that, while these
represent potential savings to producers, these are offset by
reductions in fee recei pts by the governnent sector. Thus, to
the extent that the tonnage exenption nerely substitutes for
the fee, the substitution has not affected the net social cost
of the regulation.

i EPA recogni zes that a few products on the margin that woul d be
refornulated if the fee was the only alternative option, nay now use a
conbi nati on of the tonnage exenption and fee if it is deternmined to be the
firms | east-cost conpliance option. To the extent that this will occur,
there will be a minimal effect on additional foregone em ssion reductions
when the exenption is considered as a conpliance strategy.
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The tonnage exenption may al so serve in lieu of snal
product withdrawals. In this case, the tonnage exenption
woul d curtail some em ssion reductions. However, given the
relatively few products projected for withdrawal and the snal
vol unmes invol ved, the effect on VOC em ssions would |ikely be
smal |

Wil e seeking ways to mtigate the inpacts of the
regulation for small manufacturers, the EPA recogni zes that
the two different approaches discussed here, the fee option
and smal | product tonnage exenption, have different
inplications for the marginal incentives for VOC reductions.
Al t hough the fee option continues to provide incentive to
reformul ate the small niche products because nargi nal
reductions in VOC content will reduce the per- unit fee paid,
a tonnage exenption would provide no such incentive.

6.3 REGULATORY ALTERNATI VES TO REDUCE | MPACTS

The Agency has engaged in extensive dialogue with both
| arge and smal |l busi nesses over the 8-year period of
devel opment of the final rule. The Agency has sought input
fromsmal |l businesses through a regul atory negoti ati on,
nmeeti ngs between EPA and smal | busi nesses, and SBA revi ew of
the proposal. Based on this involvenent, the EPA incorporated
many of the suggested changes and desi gned the proposed rul e
to address concerns about potential inpacts on snal
busi nesses. Specifically, coating categories and VOC content
limts were selected to account for niche products in which
smal | er manufacturers have a di sproportionate presence. In
addition, to evaluate whether further steps were still needed
to accommobdat e ni che market coatings, the Agency requested
that coomenters identify any additional specialty coatings
that could not conply with the proposed VOC cont ent
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requi renents. The Agency al so requested conment on whether to
i ncl ude several other conpliance options to provide
flexibility and reduce the burden for small businesses. This
section presents a summary of significant issues raised by
public comment on those conpliance options and the Agency’s
consi deration of those conpliance options as well as other
provisions in the rule to mtigate rule inpacts on snal
busi nesses and preservation of niche markets. The response to
comments docunent entitled “National Volatile O ganic Conpound
Em ssion Standards for Architectural Coatings—Background for
Pronul gat ed Standards,” EPA-453/R-95-009b, contains nore
detailed summaries of the coments and the EPA s response.

The EPA considered the follow ng conpliance options and
ot her nmeasures to mtigate inpacts of the rule on snal
busi nesses:

. sel ection of VOC content linmts and coating

cat egori es;

. | ow vol ume exenption option;

. exceedance fee conpliance option;

. ext ended conpliance tine for small businesses;

. conpliance variance for cases where conpliance would
result in econom c hardship; and

. sel ection of recordkeeping and reporting
requirenents.

Based on review of comments and further analysis of the
effects of the rule, the EPA has elected to incorporate a
nunber of the above conpliance options and other neasures into
the final rule to avoid unnecessary inpacts on snal

busi nesses. This section presents the results of the EPA' s
final regulatory flexibility analysis, which evaluates the
alternative neasures considered to mtigate the inpacts of the
rule on small businesses. This discussion incorporates the
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results of the econom c inpact analysis presented earlier in

this section as well as the Agency’s policy considerations and

other information used in selecting the conpliance options and

other nmeasures to mtigate the inpacts of the rule on smal

busi nesses.

6.3.1 Selection of VOC Content Limts and Coating Cateqgories
I n devel opi ng the proposed rule, the EPA recogni zed t hat

it my not be econom cal for sone manufacturers to refornmul ate
certain | ower-volume products. Rather than exenpting these

| ower - vol une products, the EPA proposed the VOC content limts
in the upper range of VOC content limts in existing state
rules for these categories. For categories for which no state
standards exist, the EPA included the categories in the
architectural coating rule based on discussions wth industry
representatives and end-user groups, petitions from

st akehol ders prior to proposal, and public comments from
conpani es providing support for inclusion of the categories
and a suggested VOC content |imt. |In discussion of the
proposed | ow vol ume exenption, the EPA al so requested that
commenters submt detailed information on any specialty
coatings that would not conply with the proposed VOC cont ent
limts and that cannot be cost-effectively reformulated. The
proposal indicated that the EPA woul d consi der whether to
devel op additional categories for newy identified niche
categories or to provide a categorical exenption for the
specialty coating.’®7"

As a result of information submtted by comenters, the
Agency has added seven new categories to the final rule to
address specific groups of specialty coatings that were
identified through public comment. Also, based on new
information the VOC content |imts were increased in the final
rule for four categories. Available information indicates
that the final rule includes VOC content |imts at |evels that
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recogni ze the limted potential for reformulation of specialty
ni che products and sets VOC contents at the upper range for
the particular type of product. The EPA established speci al
categories and limts for niche products and established

hi gher -t han- pr oposed VOC content Iimts for niche product
categories where comenters submtted sufficient supporting
information. As a result, the final VOClimts for these
categories are unlikely to require manufacturers to
reformul ate many products. The specific changes are
identified in Section 7 of this docunent.

6.3.2 Low Volune Exenption Option

The Agency requested conment on the concept of a | ow
vol une conpliance exenption option.” In the proposal preanble
this exenption was descri bed as a conpliance option under
whi ch “any manufacturer or inporter may request an exenption
fromthe VOC levels in table 1 for specialized coating
products that are manufactured or inported in quantities |ess
than a specified nunber of gallons per year.” The Agency
specifically requested comment on exenptions ranging from
1,000 to 5,000 gallons of product per year. The exenption, as
described in the proposal, could be used by a manufacturer for
mul ti pl e products, provided that each product was manufactured
in quantities less than the cutoff level. As described in the
proposal preanble, the manufacturer would be required to
submt a request for the exenption and docunent that the
product(s) for which the exenption was requested “served a
speci ali zed use which cannot be cost-effectively replaced with
anot her, | ower VOC product.” The EPA recogni zes that smal
busi nesses who produce products with limted volune wll
benefit nost from an exenption of this type.

Sevent een comment ers supported sone formof a | ow vol une
exenption, and four commenters opposed such an exenption.
Comment ers supporting the | ow vol une exenption suggested
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cutoffs ranging from 100, 000 gal | ons per product down to
1,000 gall ons per product. Conmenters opposed to the

| ow- vol ume exenption argued that it was subject to abuse
because of difficulty in defining what is a “product.” These
commenters believed that this conpliance option would provide
an incentive for conpanies to develop purportedly “new
specialty products to keep selling nonconpliant coatings.

Based on the argunents presented by commenters about the
need for sonme type of exenption for very |ow volune specialty
products for which it is not cost-effective for either the
manuf acturer or the resin supplier to devote tinme and
resources to refornulation, an exenption is included in the
final rule to accommodate these types of products. Although
in the proposal preanble, the exenption was described in terns
of a per-product exenption at a | evel between 1,000 and
5,000 gal l ons annual ly, comenters highlighted the potenti al
problems with this type of provision. Therefore, the final
rule contains a variation on the | ow vol une exenpti on approach
described at proposal. Specifically, a VOC tonnage exenption
is provided in the final rule. This approach continues to
accommodat e the needs of small businesses, niche markets, and
specialty products, as did the proposed | ow vol une exenpti on;
but it nore effectively limts the VOC em ssions resulting
fromthe exenption. It is expected that this provision wll
provi de nore benefit to small businesses than | arge
busi nesses.

Under the VOC tonnage exenption, each manufacturer can
exenpt a total of 23 negagrans (25 tons) of VOC in the period
of time fromthe conpliance date through Decenber 31, 2000;
18 nmegagrans (20 tons) in the year 2001, and 9 negagrans
(10 tons) for the year 2002 and for each year thereafter.
Since sone corporations have nultiple conpani es and/ or
di visions, an architectural coatings manufacturer or inporter
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is defined in the rule to nean the parent conpany and not each
i ndi vi dual conmpany, subsidiary, or division. Thus, if a
corporation (parent conpany) has several subsidiaries or

di vi sions that manufacture coatings, only one exenption per
parent conpany will be allowed annually. This provision is
structured in this manner to avoid sacrificing VOC emn ssion
reductions and to be equitable to manufacturers. For the

pur poses of the tonnage exenption, the manufacturer or

i nporter cal culates VOC tonnage by multiplying the total sales
volune in liters by the “in the can” VOC content of the
coating in grans per liter of coating including any water or
exenpt conpounds. The “in the can” VOC content nust include
consi deration of the maxi mumthinning recommended by the
manufacturer. In the follow ng exanples, g/L (or Ib/gal) is
an abbreviation for grans (or pounds) of VOC per liter (or
gal l on) of coating, including water and exenpt conpounds at

t he manufacturer’s maxi mum recomendati on for thinning. For
exanpl e, under this exenption in the second year a

manuf acturer coul d exenpt 38,300 liters (8,000 gallons) of a
600 g/L (5 I b/gal) coating.

5l bs/gall on * 8,000 gal |l ons = 40,000 | bs or 20 tons

Al ternatively, a manufacturer could exenpt 18,939 liters
(4,000 gallons) of an 800 g/L (6.67 Ib/gal) coating plus
13,731 liters (3,625 gallons) of a 550 g/L (4.58 |b/gal)
coati ng.

[ (6.67 | bs/gal * 4,000) +(4.58 | bs/gal * 2,900)] =
40, 000 | bs or 20 tons

A manuf acturer can exenpt any conbination of coatings and
vol unes as long as the total em ssions fromthese products do
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not exceed 23 My (25 tons) fromthe conpliance date through
Decenber 31, 2000; 18 My (20 tons) in the year
2001; and 9 My (10 tons) in the year 2002 and each year
thereafter.

The tonnage limts would exenpt no nore than 1.5 to
2 percent of the total expected em ssion reductions from
architectural coatings in the first year the standard is in
effect. The 9 My (10 ton) per-year exenption that goes into
effect in the year 2002 wll provide adequate flexibility for
future needs, while effectively imting em ssions due to the
exenption. For firnms with VOC content around 600 g/l (5
I b/gal), the exenption could apply to 4,000 gallons total
across all of the firms products. As is denonstrated in the
cal cul ation of potential cost savings, the exenption can
provide significant relief to small firnms or niche market
products by reducing prossible fee paynents. However, since
it applies to all products of a firms, it is substantially
| ower than the 1,000 to 5,000 gallon per product exenption

consi dered at proposal.
This exenption differs fromthe | ow vol une exenption in

t he proposal preanble in the foll ow ng ways:

(1) The EPA changed the exenption froma per-product basis to a
per - manuf acturer basis. This was done to avoid the difficulty
of defining a “product” and to avoid the related potential for
abuse by manufacturers in designating products for exenption

(2) The EPA changed the exenption |evel fromgallons of coating to
tons of VOC. This change was nmade for two primary reasons.
First, it provides an incentive for manufacturers to reduce
the VOC content of the coatings for which they claimthis
exenption. For exanple, with a 5,000 gallon exenption, the
manuf acturer coul d exenpt 5,000 gal |l ons whether the product
was 850 g/L or 200 g/L. Wth a tonnage exenption, however,
the VOC content in each can of coating counts toward the
allotted exenption. Therefore, if the manufacturer reduces
the VOC content of the coating it wi shes to exenpt, nore
gal l ons of that coating could be sold under the exenption
Second, the choice of VOC tonnage instead of gallons of
coating for the exenption alters the exenption from an unknown
| oss of em ssion reductions to a cap on tons exenpted per
manuf acturer. Therefore, this change serves to place an upper
bound on the em ssion reductions that are |ost through this
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exenption, which allows the Agency to better estimate its
antici pated i nmpact.

(3) The exemption is reduced over tine. The ratcheting down of
t he tonnage exenption from23 My (25 tons), to 18 My
(20 tons), and then to 9 My (10 tons) provides a strong
incentive to manufacturers using the exenption to continue to
seek ways to reduce the VOC content of their coatings. This
exenption is intended to provide additional tine for
manufacturers to reformul ate coatings, and provide sone relief
in the long run for small vol unme producers.

6.3.3 Exceedance Fee Conpliance Option

The EPA requested comment on whether to include an
exceedance fee option for use as a conpliance alternative to
neeting the VOC content limts in the proposed rule.”™ This
option was designed to provide conpliance flexibility and set
the fee rate high enough to provide an econom c incentive for
reformul ation. The proposed fee rate was $0. 0028 per gram
(%$2,500 per ton) of VOC in excess of the applicable VOC
content limt nultiplied by the anmount of coating produced.
The EPA al so requested comment on the appropriateness of the
proposed fee rate and the recordkeepi ng and reporting
requi renents associated with the exceedance fee conpliance
opti on.

Public comrent on the concept of this option varied
wi dely. Sonme commenters, including small businesses and
nati onal coating manufacturers trade associations, were
supportive of the concept because it provided conpliance
flexibility. Some of these comenters supported the concept
under the condition that the option would not be acconpani ed
by burdensone recordkeepi ng requirenments. Oher groups of
comment ers opposed inclusion of this option because they
t hought that it could disrupt the market (increase prices),
that it would be difficult to enforce, or that it was
unnecessary because the proposed limts were not hard to
achieve. For a nore conplete description of the comments on
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this option, see Section 2.4.1 of the Architectural Coating
Regul ati on BI D

Careful evaluation of all of the comments and di scussions
with the SBA | ed the Agency to include the exceedance fee
option in the final rule. Under this approach, manufacturers
and inporters have the option of paying a fee, based on the
extent to which VOC content limts are exceeded, instead of
achieving the VOC content limts in the rule. The fee is
calculated at a rate of $0.0028 per gram ($2,500 per ton), in
1996 dollars, of VOC in excess of the applicable VOC content
[imt, nultiplied by the volune of coating produced. This
option is included in the rule for several reasons. The
exceedance fee option will provide transition time for those
manuf acturers that need additional time to obtain | ower-VOC
technol ogi es. The exceedance fee option provides |long-term
flexibility and a |l ess costly conpliance option than
reformul ation for both small and | arge manufacturers selling
very | ow vol une specialty coatings where the cost of
refornmul ati on may be prohibitive conpared to the potenti al
profit, thus enabling manufacturers to continue to nake these
products available to consuners. The exceedance fee option is
significantly | ess burdensone for manufacturers than the
proposed conpliance variance provision, which has not been
retained in the final rule. However, contrary to sone
coments received, costs resulting fromthe exceedance fees
will likely generally notivate manufacturers over time to
devel op hi gh performance products with | ow VOC content.

Some commenters believed that the exceedance fee wll
di srupt the marketplace, shifting business anobng conpani es.
However, since the fee wll probably be used primarily for the
manuf acture of | ow volunme specialty coatings, which are driven
by demand from consuners, it is not likely that the demand
fromthese nmarkets would be significant enough to provide any
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incentive for manufacturers to shift to these products. The
inpacts to the market are lower with the fee than they would
be if reformulation was the only option avail able for
producers, because the fee reduces the nunber of potenti al
product w thdrawal s and reduces the net social cost. Raising
the VOC content Iimts, as suggested by sonme of the
commenters, in lieu of offering the fee could significantly
underm ne the em ssions reduction objectives of the rule. The
fee provides sonme flexibility to producers of |ow vol unme
products, or products that are only slightly above the VOC
content limt of the standard, who may find it prohibitive to
incur the largely fixed cost of reformnmulation. Because
products for which manufacturers will choose to pay the fee
woul d tend to represent a small portion of the national VOC
em ssions fromarchitectural coatings, the fee option itself
woul d not significantly underm ne em ssion reduction

obj ectives. However, raising the VOC content limts in the
rule to accommodate all | ow vol unme products woul d negate the
VOC em ssion reductions fromall these products. The fee al so
provi des continued incentive for producers to reduce VOC
content until they achieve the VOC content [imts in the rule.

Wth regard to concerns about enforcenent of the
exceedance fee, the recordkeeping and reporting requirenents
are designed to ensure conpliance with this option. Any
viol ations of the recordkeeping and reporting or any ot her
requi renents could result in enforcenent actions and the
possibility of penalties.

The estimated cost for reporting and recordkeepi ng of the
fee provision at a small conpany using the exceedance fee
provi sions for eight products is approxi nately $5, 000 per year
(see Table 6-5). This cost represents the cost to nmaintain
the records of the VOC content and the total volune
manuf actured or inported for which the exceedance fee option
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is used as well as the preparation of the annual report for
paynent of the exceedance fee. Assuming $5 mllion of sales
revenue as a mdpoint estimate for small conpanies in the $0
to 10 mllion range, fee recordkeepi ng costs would be
approximately 0.1 percent of sales revenue, which is not a
significant burden.

Price increases on fee-paying products wll cause sonme
consuner substitution to nonfee-paying (|lower-VOC) products.
For sone products, it may not be profitable to reformnmulate or
pay the fee, so firns may consider w thdraw ng the product
fromthe market. These phenonena are explicitly nodel ed
el sewhere in this docunent. However, the prem se of the fee
is that it internalizes the (public) environnental cost of VOC
em ssions into the private cost of the good. Therefore, if
sone consuners substitute away fromthe now hi gher-priced
fee-paying product, it reflects the fact that they are not
willing to pay the “full” cost of consum ng the higher—CC
products. This is the fundanental purpose of market-based
i ncentives for environnental protection.

6.3.3.1 Exceedance Fee Rate. Several comenters al so

subm tted comments on the proposed exceedance fee rate of
$0. 0028 per gram of VOC in excess of the applicable VOC
content limt. Sone of these comenters thought that the fee
rate was too | ow to encourage devel opnment of conpliant
coatings. Oher comenters thought that it was too high
relative to the price of sone products or in light of the
addi tional costs associated with recordkeeping for this
option. One comenter suggested a phase-in of the fee. For a
nmore conpl ete description of the coments on this option, see
Section 2.4.2 of the Architectural Coatings Regul ation BID
Several factors affected the selection of fee |evel,
i ncluding the benefit per ton of VOC reductions val ue
historically used in anal yses under the Clean Air Act, the
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hi storical range of acceptable cost-effectiveness val ues for
VOC, the magnitude of the loss in em ssion reductions, and the
effect on the market nodel (price and out put adjustnents,
distribution of welfare inpacts across consuners and
producers, and changes in social cost) as well as the effect
of different exceedance fee rates on the industry
cost-to-revenues ratio.

More specifically, the value chosen for analysis at
proposal is slightly higher than the benefit transfer val ue
(1.e., the benefit value per ton of VOC reduced) historically
used in EPA anal yses and is also slightly higher than
hi storical cost-effectiveness values for VOCs. This was
intended to provide incentive for manufacturers to continue to
strive to find | ow cost nmethods of reducing the VOC content in
their products. Therefore, manufacturers that find the fee to
be the | owest-cost option of conpliance with the regul ation
(in conparison to reformulation or losing profits from product
wi t hdrawal ) woul d pay the fee, but be encouraged to find an
even | ower-cost solution to reduce total production costs in
the |l ong run.

Anot her consi deration was the anount of em ssion
reductions lost at the selected fee level. This |level also
proved to provide only mnor adjustments in market price and
quantity in conparison to refornulation by itself, while
provi ding substantial flexibility to manufacturers of
smal | -vol une products or products that exceed the standards by
a small anmount. The Agency al so evaluated a higher fee rate
prior to proposal and found that social cost increased with a
relatively small change in | ost em ssion reductions (as
conpared to the lower fee rate). The selected fee rate was
t hus set high enough to make reformulation attractive for the
maj ority of producers, but |ow enough to allow a small sector
of products to remain on the market in lieu of wthdrawal.
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Al so, the lost em ssion reductions will be limted and the

i npact on the markets will be mnor. The Agency al so exam ned
the effect of varying the fee rate on the fee adoption rates,
soci al cost inpacts, foregone em ssion reduction, and snal

busi ness inpacts. This analysis showed that at |ower fee
rates (e.g., $1,500/ton and $1,000/ton) there was a
significant increase in the amount of foregone em ssion
reductions and only a small decrease in the average
cost-to-revenues ratio for snmall businesses.

Based on the econom c analysis, the EPA believes that the
fee is set at an appropriate |level. The econom ¢ nodel
conpares the cost of paying the fee to the cost of
refornmul ation for surveyed products. Wile many products are
projected to opt for the fee, these products are uniformy
small in volune; thus, their contribution to total market
output (and em ssion reduction) is relatively small. It
general ly woul d not be advantageous for producers of
| ar ge- vol ume products, which generate a disproportionately
| arge share of em ssions, to opt for the fee over
reforrmul ation. Furthernore, the existence of the fee provides
continued incentive for fee-paying firns to reduce VOC
contents on the margin, because this will reduce the anount of
fee they nust pay.

Sone commenters suggested that the EPA shoul d base the
fee on price, rather than the quantity of VOC emtted by the
product. The premse is that only a |arge proportional price
effect wll induce |arge changes in behavior. The objective
of a pollution fee, however, is to “charge” for the pollution
generated. The only consistent way to acconplish this is to
have the fee paynent depend on the amount of pollution
generated. It is not clear how a price-based fee would be
tied to the anmount of VOC emtted. For instance, a | owpriced
hi gh- VOC product could have a fee per unit that is nuch | ower
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than a high-priced | ower-VOC product. In this case, the fee
mechani sm woul d not work to ensure enough incentive for the

hi gher - VOC product to reduce VOC content. In other words, a
ton of extra em ssions fromone product would incur |ess of a
fee than a ton of extra em ssions fromthe other. For

exanpl e, such a nechani sm woul d favor very hi gh-VOC cont ent
products that are very inexpensive. Alternatively, having one
ton of exceeded em ssions face the sane fee, regardl ess of
source is nore efficient, and seemngly nore fair.

The conbi nation of the conpliance options in the final
rule provides the phase-in of the fee suggested by sonme
commenters. Specifically, the phasing of the tonnage
exenption in conbination with the exceedance fee provision
wi |l operate to increase the fee for products that exceed the
VOC content limts inthe rule. In the time period fromthe
conpl i ance deadline through the year 2000, manufacturers may
exenpt fromregulation 25 tons (23 My) of VOC, so total fee
paynments would be Iower than in the second year. The
foll ow ng year, 2001, has a | ower exenption |level of 12 tons
(11 Mg) of VOC, so fee paynents would be slightly greater for
t hose manuf acturers who choose not to refornulate or otherw se
reduce the VOC content of their products. |In the next year
and any subsequent year of conpliance, the fee rate would
becone | evel because the exenption |evel renains the sane at
5 tons (4.5 My) per year. The fee paynents would al so provide
incentive for manufacturers to find | ower-cost VOC t echnol ogy
to meet the standard and elimnate or reduce their fee
payment s.

6.3.4 Extended Conpliance Tine for Snall Busi nesses

At proposal the Agency requested conment on whether the
final rule should include a conpliance extension for smal
busi nesses.8 |n effect, this extension wuld have all owed
smal | busi nesses 12 additional nonths to conply. Thirteen
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commenters commented on the small business conpliance
extension concept. Two-thirds of the commenters providing
comments on this provision were against special treatnment for
smal | businesses. The primary concern was that this provision
woul d provide small businesses an unfair advantage in the
mar ket pl ace. Sone of the commenters opposing the extension
noted that an extension should not be necessary because of the
speci ali zed coating categories and the VOC content limts for
t hese categories, small vol une exenption, the potenti al
exceedance fee conpliance option, and the variance provision.
After careful evaluation of the coments, the Agency has
decided not to include a conpliance extension specific to
smal | busi nesses but has instead | engthened the conpliance
period for all regulated entities to 12 nonths. This tinme
period was sel ected to bal ance the needs of the regul ated
entities, both large and small busi nesses, against the need
for rapid inplenentation of the rule to achieve the required
reducti ons of VOC em ssions.
6.3.5 Conpliance Variances

In the proposal preanble the Agency requested conments
fromsmall businesses on their expected use of a conpliance
variance provision.? The proposed conpliance variance
provi si on woul d have all owed manufacturers and inporters of
architectural coatings to submt a witten application to the
Adm ni strator requesting a variance if, for reasons beyond
their reasonable control, they could not conply with the
requi renents of the proposed rule. In particular, the
proposed variance provision allowed additional conpliance tine
and was devel oped especially for small businesses, but would
have been available to any size busi ness.

O the 22 commenters on this provision, only
ei ght comenters supported the concept. The 14 comenters
opposi ng the concept included sone small businesses. Concerns
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expressed by those commenters included concerns that it would
i npose such a heavy burden that businesses would choose to
shut down rather than use the variance and that the variance
requi renents as proposed are unduly difficult to achieve. For
exanpl e, one commenter noted that the variance provision as
proposed required significant expense with little or no
guarantee of approval. The comenter recomended an extended
conpliance period as a nore effective option to alleviate the
heavy burden upon small busi nesses.

Based on the comments received, the Agency concl uded that
t he vari ance provision may not provide the intended additional
conpliance flexibility, especially for small businesses.
Therefore, the variance provision has not been included in the
final rule. Even though the proposed variance requirenents
were intended to be the m ni num necessary to approve a coating
vari ance, the requirenments may have been burdensone,
particularly for small businesses with limted or no
regul atory conpliance staff. It is also possible that the
vari ance provision could create an uneven playing field
because smal| busi nesses woul d not have the resources needed
to pursue this option, thereby putting small businesses at a
di sadvant age conpared to | arge busi nesses. Also, as one
comenter pointed out, even with the investnent of tine and
noney, the Agency cannot guarantee approval of the variance
application. In addition, review and approval of nunerous
vari ance applications would place a heavy burden on EPA s
staff, thereby delaying inplenmentation of the intended
flexibility to the di sadvantage of regulated entities.

Neverthel ess, there is still value in providing
addi tional conpliance flexibility; therefore, new provisions
have been incorporated into the final rule (i.e., the tonnage
exenption that phases down over tine and the exceedance fee
option). These provisions provide even greater flexibility
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than the variance provision and are | ess burdensone. Both of
t hese conpliance options are automatically available to al
regul ated entities and, thus, do not involve conpl ex
application and approval processes. However, these conpliance
options do require sone m nimal recordkeeping and reporting.

The tonnage exenption will allow each regulated entity to
exenpt fromthe VOC content limt anywhere from 7,000 to
30, 000 gallons of coatings the first 15 nonths; 3,400 to
14, 400 gal | ons the second year; and 1,400 to 6,000 gallons the
third year and beyond (the actual anpbunt exenpted depends on
the VOC content of the product(s)). Therefore, this exenption
is ideal for | owvolunme products that cannot be refornul ated
in the foreseeable future.

The exceedance fee option is designed to give
manuf acturers additional time to devel op | ower-VOC
technol ogies, if necessary. This option allows regul ated
entities to continue to sell coatings that exceed the VOC
content limts in addition to the coatings for which they are
claimng the | owvol une exenption, provided they pay an
exceedance fee. The anmount of the fee is based on the vol une
of the product sold, the VOC content of the product, the VOC
content applicable to the product, and the fee rate.

In addition to these provisions, the conpliance tine,
whi ch concerned sonme commenters, has been extended to
12 nont hs, and the EPA added seven new specialty coatings
categories (e.g., zone markings, concrete curing and sealing,
conversion varnishes) to the final rule and increased the VOC
content limts for four coating categories.
6.3.6 Selection of Recordkeeping and Reporting Requirenents

The EPA al so sel ected the recordkeeping and reporting
requi renents of the rule, taking into consideration the
i npacts of the rule on small businesses. The EPA designed the
proposed rule to require only those recordkeepi ng and
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reporting requirenments necessary to allow determ nati on of
conpliance and enforcenent, if necessary. The proposed rule
required an initial report and | abeling of containers for
manuf act urers who choose to denonstrate conpliance by neeting
the VOC content Iimts in the standard. There were no
additional reports or records required fromthese

manuf acturers. Additional recordkeeping and reporting

requi renents were proposed for the recycled coatings option,

t he exceedance fee option, and the | ow vol une exenption

opti on.

Two i ndustry comrenters requested even nore |imted
recordkeeping and reporting requirenents in the rule and
several industry comenters noted the need to correct dates
and clarify sone of the labeling requirenents in the proposed
rule. In the final rule, the EPA has maintained the proposed
recordkeepi ng and reporting requirenments for manufacturers who
choose to denonstrate conpliance by neeting the VOC content
l[imt in the standard. The EPA has also clarified the
cont ai ner | abeling requirenments and provi ded additi onal
flexibility for labeling of VOC content of the coating as well
as for placenent of the date codes. |In the final rule, the
EPA required only those records and informati on necessary to
determ ne conpliance with the conpliance alternatives of the
exceedance fee, the tonnage exenption, and the credit for
recycling of coatings. Specifically, the final rule only
requi res sem annual reporting from manufacturers who elect to
use the exceedance fee conpliance option and annual reporting
from manufacturers who el ect to use the tonnage exenption or
the recycled coatings provision. These records and reports
are essential for enforcing these provisions and the EPA
bel i eves that these records and reports do not represent an
undue burden on manufacturers or inporters who elect to use
t hese optional conpliance provisions. For exanple, as noted
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earlier, the estimted cost for reporting and recordkeepi ng of
t he exceedance fee provision at a conpany wth an average of
ei ght refornul ati ons woul d be approximately 0.1 percent of

sal es revenue, which is not a significant burden.

6.4 SMALL BUSI NESS | MPACT SUMVARY

The potential for significant inpacts on small businesses
of the regulation arise fromtwo primary sources:

e Products nade by snmall producers, on average, have a
hi gher VOC content than the industry average.

e The costs of refornulating products to conply with the
regul ati on are i ndependent of product vol unme and
t her eby i npose hi gher average costs per unit of product
on small vol une coati ngs.

The first problemis related to small producers’ tendency
to specialize in coatings categories that are naturally higher
in VOC content and to their tendency to concentrate in the
“hi gh-VOC’ end of the distribution of products within a given
category. Thus the potential for disproportionate inpacts of
VOC reduction regulation on small businesses follows partly
fromthe fact that small businesses contribute a
di sproportionate anount of the aggregate VOC em ssions that
are targeted for reduction.

The second problem follows fromthe nature of
reformul ation costs. A coating’s fornmula is the product of an
intellectual capital investnent, much |ike the devel opnent of
a drug or a conputer software product. The cost of the
investnment follows directly fromthe | evel of effort necessary
to revise the fornula to neet both the VOC standards inposed
by the regul ati on and perfornmance standards inposed by the
mar ket pl ace. This level of effort is essentially independent
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of the quantity of the product that is eventually sold.
Therefore, the relative inpacts on smaller volune products is,
by definition, greater.

The data used in this anal ysis suggest that these two
primary factors are relevant in the case of smal
architectural coatings producers. The average VOC content of
the products made by the snall business producers in the
survey is 75 percent higher than the average VOC content of
all products conbined. A little over half of the difference
in the averages is attributed to the specialization of smal
producers in high-VOC content product categories, with the
remai nder attributed to the tendency for small businesses to
produce hi gher VOC products wthin each product group.

Mor eover, the average product volunme of products made by smal
busi nesses is |l ess than 20 percent of the average product

vol une for the entire survey popul ation, inplying nuch | arger
average reformul ation costs. Thus, without mtigating
factors, the inpacts on small businesses are potentially
significant.

The regul ati on has been designed to mtigate snal
busi ness inpacts. Despite their inherently higher VOC
content, the proportion of small business products exceedi ng
the regul atory standards is not nuch higher than the
correspondi ng proportion for the survey popul ation at |arge
(42 percent vs. 36 percent). In addition, the availability of
t he exceedance fee option is beneficial to small business
producers because it places an upper bound on the per-unit
costs of conpliance. Data analyzed in this study indicate
that small business producer costs are reduced by nearly
one-quarter when the exceedance fee is introduced and the
possibility of product withdrawal is considered in |lieu of
reformul ation. The cost/revenue ratio exenplifies the
advant ages of the | ower-cost conpliance options (the fee and
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wi thdrawal) in that the ratio for small businesses drops from
2.5 percent to 2.0 percent.

In addition to adding the exceedance fee and the tonnage
exenption to the final rule, the EPA also increased the
conpliance tinme to 12 nont hs and added seven new product
categories and increased the VOC content |limts for four
categories. These changes were nade in response to public
coments to further mtigate the rule’s small business
i npacts. The analysis of the inpacts of the final rule shows
that these provisions are likely to be used by small entities
and the inpact on a typical small firmis reduced w thout
significant reduction in the em ssion reductions achi eved by
the rule. The EPA believes that these neasures adopted in the
final rule represent a significant mtigation of the economc
i npacts on small businesses conpared to the inpacts that m ght
ot herwi se have occurr ed.
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SECTION 7
EPI LOGUE

Because regul atory devel opnent is an evol ving process,
the final Table of Standards for VOC content limts differs
slightly fromthe interim Table of Standards used in the
anal ysis reported here. The main difference between the two
sets of standards (see Table 7-1) is the addition of new
categories in the final standards and the revision of content
limts for other categories. These two di nensions of change
are evaluated in turn bel ow.

7.1 NEW PRODUCT CATEGCORI ES

The final standards added seven product categories not
included in the interimstandards. These are:

calci mne recoaters

e concrete curing and sealing conpounds
e concrete surface retarders

e conversion varnish

o« faux finish/glazing

e stain controllers

e zone marking coatings



TABLE 7-1. TABLE OF STANDARDS

| NTERI M VS. FI NAL

VOC Content Limt
(9/L)
Architectural Coatings Interim
Cat egory (see Table 2-1) Fi nal Di fference

Ant enna coat i ngs 500 530 Limt increased
Antifoul ing coatings 450 450
Antigraffiti coatings 600 600
Bi t um nous coatings and mastics 500 500
Bond breakers 600 600
Cal ci m ne recoater NA 475 New cat egory
Chal kboard resurfacers 450 450
Concrete curing compounds 350 350
Concrete curing and sealing NA 700 New cat egory
conpounds
Concrete protective coatings 400 400
Concrete surface retarders NA 780 New cat egory
Conver si on var ni sh NA 725 New cat egory
Dry fog coatings 400 400
Extrene high-durability 800 800
coati ngs
Faux fi ni shing/glazing NA 700 New cat egory
Fire-retardant/resistive
coati ngs

d ear 850 850

Opaque 450 450
Flat coatings, N. O S.

Exteri or 250 250

Interior 250 250
Fl oor coatings 400 400
Fl ow coat i ngs 650 650
Form r el ease conpounds 450 450
Graphic arts coatings (sign 500 500
pai nt s)
Heat reactive coatings 420 420
H gh-t enperature coatings 650 650
| rpact ed i mersi on coatings 780 780
I ndustrial maintenance coati ngs 450 450
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TABLE 7-1. TABLE OF STANDARDS:

| NTERI M VS. FI NAL ( CONTI NUED)

VOC Content Limt

(9/L)
Architectural Coatings Interim
Cat egory (see Table 2-1) Fi nal Di fference

Lacquers (including | acquer 680 680
sandi ng seal ers)
Magnesi te cenent coati ngs 600 600
Mastic texture coatings 300 300
Metal I'i c pignmented coatings 500 500
Mul ticol or coatings 580 580
Nonf errous ornanental netal 870 870
| acquers
Nonfl at coatings, N O S.

Exterior 380 380

Interior 380 380
Nucl ear coatings 450 450
Pretreat ment wash priners 780 780
Prinmers and undercoaters, 350 350
N. O S.
Qui ck dry coatings

Enanel s 450 450

Priners, sealers, and 450 450

under coaters
Repai r and mai nt enance 650 650
t her nopl asti c coatings
Roof coatings 250 250
Rust preventive coatings 400 400
Sandi ng seal ers 550 550
Seal ers 400 400
Shel | acs

d ear 650 730 Limt increased

Opaque 550 550
St ai ns

Cl ear and senitransparent 550 550

Opaque 350 350

Wt er borne | ow solids 120 120
Stain controllers NA 720 New cat egory
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TABLE 7-1. TABLE OF STANDARDS: | NTERI M VS. FINAL ( CONTI NUED)

VOC Content Limt

(9/L)
Architectural Coatings Interim
Cat egory (see Table 2-1) Fi nal Di fference

Swi mm ng pool coatings 600 600
Ther nopl asti ¢ rubber coatings 550 550
and mastics
Traffic marking paints 150 150
Var ni shes 450 450
Wt er proofi ng seal ers and
treatnents

d ear 600 600

Opaque 400 600 Limt increased
Wbod preservatives

Bel ow gr ound 550 550

Cl ear and senitransparent 550 550

Opaque 350 350

Low sol i ds NA 120
Zone mar ki ng coati ngs NA 450 New cat egory
Total New Categories 7
Total Limt Changes 4

By and | arge, new categories were added to accommodat e
specialty products that were previously included in other
categories with lower (nore stringent) VOClimts. As a
result, sone products that would be over the Ilimt in the
previ ous category, thereby necessitating a conpliance action
(reformul ate, fee paynent, withdrawal), are no | onger
constrained by the regulation. In these cases, the addition
of the new categories reduces the nunber of required
conpliance actions, as a result, also cuts conpliance costs
and the quantity of em ssion reductions.

However, one of the new product categories, concrete
curing and sealing (CCS) conpounds, applies to products that
wer e consi dered outside of the regul ated universe in the
econom ¢ analysis presented in this report. Therefore, the
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conpliance actions required for those products are not
estimated in this analysis. The potential cost inplications
of that om ssion are discussed bel ow

Suppl enental data could be obtained for only two of the
seven new product categories. These data were gathered after
proposal and are used here to estimate the |likely inpact of
t hese new categories on regul atory costs.

One of the categories for which supplenental data were
obtained is the zone markings category. First, we note that
46 products fromthe original survey data in the traffic
pai nts category have VOC contents that are greater than
150 g/L (the final traffic marking paints content limt) and
450 g/L (the zone markings limt). These 46 products
constitute the entire list of surveyed products that coul d
potentially be relieved fromconpliance by the addition of the
hi gher zone markings limt. According to data fromthe state
of Texas, zone markings constitute approximately 9 percent of
all traffic coatings.® W use this percentage to estimte the
nunber of those 46 products that are zone markings, yielding
an estimate of 4.1 (decinmals are used to reflect an averaging
effect). Using an expansion factor of 3.0 to reflect the
scale of the national estimate of traffic coatings to the
survey estimate, we estimate that 12.3 products nationw de can
avoi d conpliance action due to the addition of the new zone
mar ki ngs cat egory.

Data were gathered for 77 CCS products with a total
product volune of 11.2 million liters.® O these 77 products,
38 were determned to exceed the content limt of 700 g/L. As
described in Section 2 of this report, the nunber of
nonconpliant coatings is reduced by a factor of one-third to
estimate the total nunber of nonconpliant coatings needing a
conpliance action (refornulation, fee, or withdrawal). After
this adjustnent, 25 of the 77 CCS products surveyed are
estimated to require conpliance action. The CCS data al so
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indicate an estimate of 37.8 mllion liters of CCS products
nati onw de. Taking the ratio of national CCS volune to the
vol unme captured in the supplenental data collection
(37.8/11.2) and nultiplying by the 25 surveyed products
needi ng conpliance action yields a national estimate of CCS
conpliance actions of 85.6 products.

Taking the 85.6 additional conpliance actions due to the
new CCS category together with the 12.3 fewer conpliance
actions due to the zone markings category yields a net
i ncrease of 73.3 conpliance actions. To approximate the
social cost inplications, we take the ratio of the total
social costs fromthe architectural coatings market analysis
($20.2 million in Table 3-2) and divide by the total nunber of
conpliance actions in the analysis (2,345 products in
Table 2-2) to get a social cost per conpliance action of
approxi mately $8,600. Miltiplying this nunmber by
74 conpliance actions gives a social cost estimate of
approxi mately $632, 000 ($1991).

7.2 CATEGORIES WTH H GHER VOC CONTENT LIM TS

Besi des the additional categories, VOC content limts
were higher (less stringent) in the final standards than in
the interimstandards for the foll ow ng categories:

e antenna coatings
 shell acs, clear
e waterproofing sealers and treatnents, opaque
The survey data indicate that nine products in these
t hree product categories would have been nonconpliant under

the interimstandards but are conpliant under the final
standards. Reducing the nine otherw se nonconpliant products

7-7



by one-third yields an estimte of six conpliance actions

wi thin the survey popul ation that are avoi ded by the higher
content limt in the final standards. Because the vol une of
surveyed products in these categories roughly equals the
national sales estimtes, the estimted nunber of avoi ded
conpliance actions nationwide is also six. Miltiplying this
nunber by the social cost estimate of $8,600 yields an
estimate for the reduction of social costs caused by the new
content limts of approximtely $52,000. Subtracting this
fromthe net cost increase quantified for the new product
categories reduces the cost estinmate to about $580, 000
($1991).

7.3 SUMVARY

The VOC content standards included in the final rule
differ fromthe imts analyzed in this report. The difference
between the two sets of standards are the inclusion of seven
new product categories and an increase in the content limts
(reduction in stringency) for three product categories.

Because of data limtations, only a subset of these
changes | end thensel ves to quantification of potential costs
i mpacts. The net quantified effect is a $580,000 i ncrease in
the estimate of annual social costs. However, this increase
in cost nust be considered agai nst the unquantified decrease
in costs fromthe expected fall in conpliance due to the five
ot her new categories. Wthout additional data, it is
difficult to conclude whether the cost reductions fromthose
categories wll together outweigh the net cost increases
guantified. Gven that the social cost effects quantified
here are less than 3 percent of the total estimated soci al
costs of the regulation, factors that reduce (or reverse the
sign) of these costs lead to the conclusion that the total
social cost estimate is not greatly affected by the
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di fferences between the interimstandards used in the analysis
and the final standards issued in the rule.
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APPENDI X A

MARKET DEFI NI TI ON,
DEMAND ESTI MATI ON, AND DATA




A.1 PRODUCT/ MARKET CROSS- REFERENCE METHOD

Data on coating prices, quantities, average VOC contents,
and VOC content limts are necessary to estimate the effect of
VOC content limts on architectural coatings products. Price
and quantity data were taken fromthe 1991 Current |ndustri al
Reports: Paint and Allied Products.! The Architectural and
| ndustrial Maintenance Surface Coatings Survey (the survey)?
provi ded t he sal es-wei ghted average VOC em ssions, which
represent VOC content. VOC content limts were fromthe TOS
devel oped by EPA.

Census data are organi zed according to product codes,
whi ch define product categories; however, these Census product
categories differ fromthe product categories in the survey.
Furthernore, the TOS (see Table 2-1) gives VOC content limts
for product categories that differ slightly fromthose
categories for which data are provided in the survey. Data
fromall three sources are necessary to conduct the economc
i npact analysis. Therefore, a fourth product categorization
was constructed, which is called market segnments, that
aggregates the categories so that data may be used from al
three sources to provide the necessary |evel of resolution for
mar ket analysis. Table A-1 illustrates the individual product
categories represented by each data source and how they map
into the market segnents used in the anal ysis.?®*

The mapping in Table A-1 proceeds fromthe nost
aggregated category to the | east aggregated category. In sone
cases, however, the survey provides nore detail than the TGS
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Wher e possi ble, the market segnents were paired as sol vent
borne and wat erborne coating categories. Separate narket
segnents could not be created for flat and nonflat coatings in
the interior and exterior segnents because the Census data do
not differentiate between exterior flats and nonfl ats.

The necessary data were devel oped for each of the
13 nmarket segnments using the mappi ng schene presented in
Table A-1. Data for individual Census product codes were
sumred where necessary to conpute prices and quantities.

A. 2 ESTI MATI NG DEMAND ELASTI Cl TI ES FOR COATI NGS

To performthe market analysis, own- and cross-price
el asticities of demand were estimated for four broad coating
categories: exterior solventborne and interior solventborne
and their two respective substitutes, exterior waterborne and
interior waterborne. The variables used in estimation are
donestic consunption quantity; real value of donestic
consunption; real consunption price; national incone;, a
housi ng variable; and the real price of alkyd resins, acrylic
resins, and titanium di oxide. Conplete data for these
vari ables were collected for the years 1981 through 1991.
Justification of these variables and their data sources is
gi ven bel ow.
A 2.1 Estimation Procedure and Results

Econonetric estimation of the interrelated denmand system
for interior solventborne, interior waterborne, exterior
sol vent borne, and exterior waterborne architectural coatings
generated estimtes of own-price demand el asticities for each
of the four groups and cross-price demand el asticities between
t he sol vent borne and wat er borne segnents of each interior
(exterior) pair.



The quantity demanded of a commodity is a function of its
price, the price of any substitutes and other factors, such as
income, that affect aggregate demand. Estimating the demand
function, however, is nore conplicated than just running
regressions of observed market quantities on observed market
prices and ot her demand vari ables. One nust account for the
fact that the observed prices and quantities are equilibrium
val ues, which are simnmultaneously determ ned by both demand and
supply factors.

Vari ables that are determned within a system (such as
prices and quantities in a market equilibriumsystem are
endogenous to that system whereas those vari abl es determ ned
outside of the particular system (e.g., incone, housing
activity) are ternmed exogenous. |In sinultaneous equations
nodel s, endogenous vari ables are correlated with the error
terms through solution of the system As a result of the
i nt erdependence of the endogenous vari ables and the error
terms, the application of standard regression techniques is
nodi fied to estimate the effect of an endogenous right-hand
side variable (i.e., equilibriumprice) on the endogenous
| eft-hand dependent variable (equilibriumquantity). In
general, ordinary |east squares estimation of the individual
demand equations | eads to biased and i nconsistent paraneter
estimates when a regressor i s endogenous.

Endogeneity bias is corrected by applying the two-stage
| east squares (2SLS) regression procedure for each estinmated
equation (see, for exanple, Pindyck and Rubinfield®. 1In the
first stage of the 2SLS nethod, the price observations were
regressed agai nst all exogenous demand and supply variables in
the system This regression produced fitted (predicted)
val ues for the price variables that are, by definition, highly
correlated with the true endogenous variable (the observed
equi libriumprice) and uncorrelated with the error term In
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the second stage, these fitted values were enpl oyed as
observations of the right-hand side price variables in the
demand equations. This procedure can also be used to estinate
the underlying structural supply equations; however, because
of the poor performance of various specifications in the
supply estimations, only demand estimates are reported here.

The 2SLS procedure was used to estinmate the four demand
functions. Both |inear and doubl e-l1 og regressions were
estimated. The doubl e-10g specifications are presented here
because of slightly better statistical fit and because the
paraneter estimates are directly interpretable as point
el asticities.

For the two exterior categories, housing conpletions are
i ncl uded as an exogenous demand determ nant. Exogenous supply
factors incorporated into the first-stage regressions include
the prices of various raw material inputs and a price index
for substitute outputs, which captures the effect of non-
exterior coatings prices on the supply of exterior coatings.
For the two interior categories, U S. donestic GNP is included
as a proxy for the exogenous effect of aggregate incone on the
demand for interior coatings. Exogenous supply factors
incorporated into the first-stage regressions also include the
prices of various raw material inputs and a price index for
substitute outputs, which in this case captures the effect of
noni nterior coatings prices on the supply of interior
coatings. The results of the demand estinmations are shown in
Tabl e A-2.

Unfortunately, sufficient data to estimte the demand
paraneters for the other market segnents were unavail abl e.
For the other two sol vent/water-paired segnents—l ear coatings
and primers/undercoaters—+the nmean of the respective own- and



TABLE A-2. DEMAND CURVE ESTI MATES

Adj ust abl e El asticity
Vari abl e R F- Val ue Esti mate t-statistic
Exterior sol vent borne 0.94 50. 52
denmand
Log- housi ng 0.17 3.30
conpl eti ons
Log exterior -1.43 -1.89
sol vent borne price
Log exterior 0. 20 0. 36
wat er bor ne price
Exterior waterborne 0.92 39. 36
denmand
Log- housi ng -0.05 -0.62
conpl eti ons
Log exterior 0.51 0.42
sol vent borne price
Log exterior -1.89 -2.17
wat er bor ne price
Interior solventborne 0. 69 8.49
denmand
Log G\P 1.01 1.67
Log interior -1.50 -1.74
sol vent borne price
Log interior 1.43 1.28
wat er borne price
I nterior waterborne 0.99 588. 90
denmand
Log G\P 1.00 5.07
Log interior 0. 36 1.28
sol vent borne price
Log interior -1.39 -3.80

wat er borne price




cross-price elasticities fromthe interior and exterior
estimation process were used as proxies for the elasticities.
The other five segnments—special purpose, industrial
mai nt enance group, traffic marking paints, |acquers, and wood
preservatives—are specialty groups whose denmand is assuned to
be fairly inelastic and not dependent on prices in the other
segnents. Therefore, a value of -0.5 for the own-price
demand el asticity and zero for all cross-price elasticities
were assigned to each of these categories. Table A-3 provides
the matrix of own- and cross-price elasticities for all
13 mar ket segnents.
A 2.2 Data Used in Denmand Estinmation

Donesti ¢ consunption quantities and val ues were

cal cul ated using data fromU.S. Departnment of Comrerce
publications Current Industrial Reports: Paint and Allied
Product s 7.89.10.11,12,13.14 gnd U. S. Exports Schedul e B Commodity by
Country. 1516.17,18,19,20,21,22  Donestic quantity and val ue of

shi pnments figures were used, which include exports. Exports
were then subtracted to estimte donmestic consunption
(architectural coatings inports are negligible and are not

i ncluded in the consunption variable). Consuner price indexes
fromthe U S. Departnent of Labor’s Handbook of Labor
Statistics?® and the U S. Departnent of Conmerce’s Survey of
Current Business?#2>2 gre used to adjust the current figures
to real values. Real consunption price was inputed for each
product by dividing real value of donmestic consunption by the
quantity of donestic consunption.
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The GNP in constant 1987 dollars from 1981 through 1991
was used as an aggregate incone neasure. 272829  Housi ng
conpletions for 1981 through 1991 were obtained fromthe U S
Departrment of Commerce’s Current Construction Reports. 3
Prices for alkyd and acrylic resins are obtained fromthe U S.
I nternational Trade Comm ssion publication Synthetic Organic
Chem cals, U S. Production and Sal es. 31:32.33,34,35,36,37,38,39.40  prj ces
for titanium di oxi de were inputed using quantity and val ue of
shi pnent data for U S. production fromthe Current |ndustrial
Reports, Inorganic Chemicals.* Real prices for these raw
materials were cal cul ated by deflating normal val ues using
CPls. Alkyd and acrylic resins were used to represent raw
materials for the nonvolatile vehicle portion of the coatings,
whi ch are found mainly in sol ventborne and wat er bor ne
coatings, respectively. Titaniumdioxide was used to
represent a raw material in the pigment portion of the
coating, which is found in both types of coatings. A
Laspeyres price index was constructed to incorporate the price
of substitute outputs as a supply-side effect in the first
stage regressions of the 2SLS procedure. Let the price and

quantity of commodity n in periodt be p' and q.,

respectively for n =1, ..., Nandt =0, 1, ..., T. Then the
Laspeyres price index of the N commodities for period t
(relative to the base period 0) is defined as
N | N
t 0 0 0
PL=Y pyay | Y P, - (A1)
S = HRLLELE B V= NI

aAll constant val ues were converted to 1982-1984 dollars for the
anal ysis to be consistent with the consuner price index (CPl), which has
1982- 1984 as a base.
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Real donestic prices and quantities of nonexterior
coatings were used to construct the price index for the
exterior coatings equations and real donestic prices, and
guantities of noninterior coatings were used to construct the
index for the interior coatings equations. Each index is
conputed for the years 1981 through 1991, with 1981 serving as
t he base year.

A. 3 EVALUATI ON OF DATA QUALITY

The Current Industrial Report series is generally
considered a reliable source for quantities and val ues of
products shipped. Mnthly and annual data were estinated from
a sanple designed to neasure activities of the entire paints
and allied products industries. Each annual report provides
data for 2 years, and figures fromthe 1991 report were used
for the coatings analyses. 1In addition to the four
representative coatings products, the architectural coatings
Census category includes two other products: architectural
| acquers and architectural coatings, not el sewhere
classified. These categories were not included in the
estimates because of insufficient data. However, in 1991,

t hese two product categories conbined represented only 1.3
percent of the total value of shipnents for the architectura
coati ngs nmarket. 4 Statistics reported in the Current

I ndustrial Reports at the seven-digit SIC product |evel are
based on Annual Surveys of Mnufactures and represent about 95
percent of total shiprments in the paint industry (SIC 2851).%
To produce estimates for the entire industry, the Census
Bureau inflates the quantity and value figures reported in the
annual survey by a factor based on data reported by al
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establishnments in the 1987 Census of Manufactures.? The
inflation factors for architectural coating product categories
are as follows: 1987 through 1991, 1.00; 1982 through 1986,
1.004; and for 1981, 1.04.¢ Quantity and value figures for
the four product categories used in the demand estinmation are
inflated using these factors. Prior to 1981, data were not
collected at the nore specific seven-digit SIC level. Using
the longer tinme series would provide nore data points but
woul d al so preclude analysis of the individual product
categories, and representativeness would be | ost.

The export data used are the best publicly avail abl e;
however, conbi ning export and donestic data to estimate
donesti c consunption poses sone problens. The classification
systens used to gather both types of data are different, and
the correspondi ng product categories used cannot always be
conpared. For exanple, data fromthe U S. Departnent of
Comrerce publication U. S. Inports for Consunption and Gener al
| mports, TSUSA Commodity by Country of Origin were not used
because the inported comodity classifications had no
conpar abl e donestic output classification. Exclusion of
inports fromthe estimte of donmestic consunption does not
pose a probl em because in 1991 the value of inports for
architectural, CEM and special purpose coatings (SIC 28511
28512, 28513) conbined represented | ess than 0.9 percent of
the total domestic value of shipnents.* Data fromU. S
Exports Schedule B Commodity by Country were avail able for
1981 through 1991, and the export categories correspond well

®The inflation factor for 1981 is based on 1977 Census rel ationships
and for 1982 through 1986 on 1982 Census rel ati onshi ps.

°The 1991 quantities and val ues used in the nodel (values to inpute
price) also include products in the special purpose and m scel |l aneous
allied paint products categories. The special purpose inflator for 1991 is
1.06, and the mscellaneous inflator in 1991 is 1.18.
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with the four domestic product categories except for 1989

t hrough 1991, 4546.47.48,49.80.51,52 | n 1989, the export codes and
categories changed and are no | onger conpatible with the
donmestic categories. |In addition, quantities are reported in
kil ograns rather than gallons, as they were in previous years.
For these reasons, export data were not used to adj ust
donestic consunption after 1988. The GNP data typically
represent incone for the entire nation including incone
generated from Ameri can busi nesses | ocated overseas. The
current price data for the paint products and raw materials
shoul d be considered reliable, though their accuracy may be

af fected by the exclusion of inports for the coatings products
and of exports and inports for the raw materials prices. CPls
for all urban consuners with a base of 1982 through 1984 were
used in calculating real prices.

The raw material prices used are representative of the
entire U S. and export market for these products, rather than
just the U S. supply to the paints and coatings industry. The
al kyd resins were used in this estimation to represent an
i nput found only in solventborne coatings and acrylic resins
to represent an input found only in waterborne coatings.
However, sone acrylic resin materials are used in sone
sol vent borne coatings and al kyd resins are used as nodifiers
in waterbornes. Exports and inports were not considered when
conputing raw material supply prices because foreign trade
data were not available for alkyd and acrylic resins. In
1991, exports of titanium dioxide represented 17.9 percent of
the total donestic value shipped and inports were 10.9
per cent . 53
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APPENDI X C

CALCULATI ON OF REGULATI ON- 1 NDUCED COSTS WHEN REFORMULATI ON
NCRVALLY OCCURS AT FI XED TI ME | NTERVALS




One conplicating factor in estimating the cost of the
regulation is the fact that product reforrmulation is a nornal
busi ness activity in the architectural coatings industry.
Therefore, rather than viewi ng the regulation as creating
reformul ation responsibilities (the maintained assunption
t hroughout the anal ysis), one m ght take the alternative view
that a different tine pattern of refornmulation is created,
thereby leading to a | ower estimate of regulatory costs. This
appendi x presents the issue analytically and devel ops a
nuneri cal exanple to quantify the difference in costs under
the alternative assunptions.

Suppose a conpany routinely refornul ates products every
eight years. |If the average product is product m dway through
its refornulation cycle, it wll be refornmulated four years in
the future in the absence of the regulation. However, the
regul ation requires themto do the refornul ati on now rat her
than four years in the future and this accel eration inposes
costs on the firm To estimate the costs of this
accel eration, assune the initial reformulation cost of $87, 000
occurs in the first year. Then the net present val ue, today,
of a cost otherw se deferred four years into the future is

NPV(-4) = $87, 000/ 1.07* = $66, 372

I nstead, the conpany is required to refornulate today at a
cost of



NPV(0) = $87, 000

The net effect on the conpany of accel erating the next
formulation is then

Initial Net effect = NPV(-4) - NPV(0) = -$20, 628

Thus, if the regulation just accel erates the next

refornmul ation, the one-tinme cost of that acceleration is
approxi mately $20,000. This is substantially bel ow the one-
time cost of $87,000 currently assunmed in the EIA. However,

if it is assumed that this requirenent also forces all future
reforrmul ations to be noved up four years, then the conputation
must be expanded to neasure the present value of the current
and all future adjustnents. To start, the present value of an
initial $87,000 cash expenditure repeated every eight years
thereafter can be witten

V( 0)

$87, 000 + $87,000*(1/((1.07)8 - 1))
$208, 139

Wthout the regulation, this streamof costs would be deferred
four years into the future. Evaluating this in present val ue
ternms gives

V(-4)= V(0)/1.07*% = $158, 788
Thus, the difference in present value between the two
reformul ati on cost streans is the total net effect of

accelerating this and all future refornul ations.

Total net effect = V(-4) - V(0) = $49, 351



This can be viewed as conceptually equivalent to a one-
time cost of the regulation for an average product that is
over-the-limt. This explicitly accounts for the net present
value of the regulation’s affect on all future formulations.
This one-time cost is substantially bel ow the $87, 000 one-tine
cost assunmed in the anal ysis.

By conparison, if the product were otherw se to be
refornul ated one year in the future wi thout the regulation,
the present value of this cost acceleration can be conputed is
a simlar fashion as $13,617 (16 percent of $87,000). |If the
previous reformnul ati on had been inplenented just one year
before the regul ation, then the present val ue of accelerating
the future reformul ation cycle by seven years woul d be $78, 520
(90 percent of $87,000).

In summary, the one-tinme cost estimate of an accel erated
refornmul ati on schedul e ranges froma snmall fraction to a | arge
fraction of the refornulation cost estimate used in the ElA
In this exanple, the average product’s one-tinme cost
equivalent is |less than 60 percent of the estimte used in the
El A Thus, EPA contends that it has provided a conservatively
high estimate of the true increnental cost of refornulating a
product subject to the regul ation.



APPENDI X B

SUMVARY OF REFORMULATI ON COST ESTI MATES FROM
PUBLI C COMMENTS




At proposal, EPA's estimate for per product refornulation
cost was based on an estimate for a hypothetical new coating
included in a presentation to the Regul atory Negotiation
commttee (July 28, 1993). This |unp-sum cost estimate was
$250, 000, inplenented over three years at $83, 333 per year.

During the public coment period, EPA solicited public
i nput regarding the size and nature of refornulation costs to
gauge the reasonabl eness of (and potentially nodify) the
estimate used in the EIA. The public conmments on costs were
reviewed for this purpose. Costs were organized along the
fol |l ow ng di nensi ons:

e technical staff training

e prioritization of products needing refornulation
e survey available materials

e refornulate to desired properties

e performance tests

o field tests

e marketing costs

e production costs (| abels)

e sales training

e executive expenses



Upon review of the public comments on costs, eleven of
the responses appeared to provide conparable information for
estimating lunp-sumrefornulation costs per product. O her
responses presented costs for all of the conpany’s products,
but did not provide information on the nunber of products to
enabl e conputation of cost per product. O her responses
coul d not be used either because of inconpleteness or |ack of
clarity about the information provided. A list of and summary
statistics for the eleven potentially conparabl e responses
plus the original Regulatory Negotiation commttee estimate
are presented in Table B-1. Note that two of the estinmates
are alternative interpretations of the sane estimate. One
interpretation estimates per-product cost by dividing
the conpany’s total cost estimate by all nonconpli ant
formulas. The other interpretation is that the total cost
nunber is divided by the subset of fornulas that are nost
feasible to refornulate. It was unclear fromthe conment,
whi ch nunber the conpany used to estimate its total conpliance
costs, so both interpretations were used to provide a range.

Cost per product estimates (in 1991 dollars) range from
$576 to $272,000, with a nean val ue of $86,326. The nean
val ue was rounded up to $87,000 to provide the nodel product
cost estimate used throughout the analysis. As the summary
statistics in Table 2-1 indicate, the central tendency cost
estimates (nmean and nmedi an) are well-bel ow the $250, 000 | unp-
sum cost per product estimate used in the EIA at proposal,
rangi ng anywhere from 20 to 35 percent of that estinmate.

In summary, a review of the public coments related to
refornmul ati on costs suggests that EPA may have significantly
overestimated the per-product costs by a factor of three to
five times at proposal. Because it is based on information



TABLE B-1. REFORMULATI ON- RELATED COST ESTI MATES

Esti mat ed Cost

Esti mat ed Cost

per Product per Product

Publi c Comment Docket Nunmber (current $) ($ 1991)°2
| V-D-217 (Interpretation 1, 15, 764 13, 832
Total cost divided by all nonconpliant
pr oduct s)
I V-D-217 (Interpretation 2, 48, 220 42, 311
Total cost divided by npost feasible
ref or nul ati ons)
| V-D- 108 63, 500 55, 719
| V-D- 110 13, 000 11, 407
| V-D- 130 20, 300 17,812
| V-D- 93 656 576
| V-D- 152 122, 417 107, 416
| V-D- 36 51, 210 44,935
| V- D- 38 310, 000 272,013
| V-F-1le 150, 000 131, 619
| V-D- 182 96, 000 84, 236
Il-E-52 267, 000 254,038
Summary statistics
N = 12
Mn 576
Max 272,013
Mean 86, 326
Medi an 50, 327

& Converted fromyear in which estimate is given (usually 1996) to 1991
using the Gross Donestic Product Price Deflator.

Source: U.S. Department of Conmerce, Bureau of Econom c Anal ysis, August

1997.

provided in the public coment period,

the revised estimte

used in this analysis should provide a nore valid estimte of

reformul ati on-rel ated costs than the estinate used at

proposal. Alternative nethods for annualizing the | unp-sum

cost estimate of $87,000 are presented in the main text.






APPENDI X D

METHODOLOGY FOR COVPUTI NG MARKET AND
WELFARE ADJUSTMENTS




D.1 METHODOLOGY FOR COWVPUTI NG SUPPLY EFFECTS

For the purposes of nodeling the regulatory effects in
each market, products are separated into four categories,
based on their producers’ response to the regul ation:

products slated for wthdrawal,

products on whi ch exceedance fees are paid,

products slated for refornul ation, and

products unconstrai ned by the regul ation.

The baseline (preregulatory) quantities fromthese groups
are denoted as follows: @, @, @& and @ for groups 1, 2, 3,
and 4, respectively. Total baseline market output equals the
sum of the four conponents:

Q=Q+ T+ ¢+ Q. (D.1)

Figure D-1 depicts the aggregation of these subgroups
into a market supply function. The regulation causes a shift
in the aggregate supply function depicted in Figure D1 as a
result of two phenonena: an inward supply shift due to
elimnating Goup 1 through product withdrawals (e.g., the
shift fromS° to SY), and an upward supply shift due to
i nposing per-unit fees on the products from Goup 2 (the shift
fromS! to S''). There is no supply shift emanating from



Figure D-1. Single market effects of VOC content regulation.

G oup 3 because the refornulation is assuned not to affect
mar gi nal production costs, and there is no shift fromGoup 4
because the unconstrai ned products experience no regul ati on-

i nduced change in their cost structure. So the ful

regul ation-related shift is fromS® to SY, which leads to a
new market equilibrium At the new equilibrium price rises
to P and quantity falls to Q.2

aThi s graphi cal anal ysis denponstrates that the post-regul atory market
effects are uncertain if the analysis were to consider the possibility that
the refornul ati on process changes the margi nal cost of producing the
coating as a result of changes in material or |abor costs, for exanple.
This enpirical issue can be resolved given sufficient data on the effect of
VOC content on production costs for all affected products. Unfortunately,
these data were not available for this study, so the appropriate enpirica
anal ysis could not be conducted to draw such concl usi ons.

D2



D.2 DEMAND EFFECTS

Figure D-1 depicts a partial equilibriumview of the
short-run effect of inposing content limts in one market.
One nust al so consider the role of substitute products in
determ ning the equilibrium adjustnents, which suggests a
mul ti mar ket perspective. Figure D-2 depicts the markets for
two products (A and B) that are demand substitutes. The price
of product B factors into product A's demand function and vice
versa:

Da

Ds

Da(Pas Ps) (D. 2)

Ds( Ps, Pa) . (D. 3)

G ven that A and B are substitutes inplies

*Dy/ *Pg > 0 (D. 4)

*Dy/ *Py > 0 . (D. 5)

Suppose the supply of Ais affected by the content Iimts
in the manner descri bed above, but that the supply of Bis
unaffected. This initiates a supply shift in market A from S
to S, Holding the initial demand function constant, this
shift would generate an equilibriumquantity of Q" and price
of PA’. However, the associated price increase in market A
i nduces an outward shift in the demand for product B, which
rai ses the price of product B. Likewi se, the increase in B's
price leads to an outward shift in the demand for product A,
which raises its price and so on. This interaction continues
until post-regulatory equilibriumis established at (P)R QF),

( PBRi QBR) .
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Figure D-2. Miltiple market effects of VOC regul ations.
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D.3 COWUTI NG CHANGES | N EQUI LI BRI UM PRI CES AND QUANTI Tl ES

The change in equilibriumprices and quantities for the
products affected by the content Iimts and their substitutes
can be nunerically conputed by adjusting the equations in the
mul ti mar ket supply and demand systemto reflect the inposition
of these limts. For each market, i, the equilibrium change
in quantity supplied of each product affected by the
regul ati ons equals the sumof the supply changes from each of
t he producer subgroups:

)Q® = )Q* +)HQF + HQT + )HQY (D. 6)

The change (from baseline) in quantity supplied by the
wi t hdrawal sector is sinply the negative of the quantity
originally supplied by that group

)Q* = - Q% (D.7)

The change in quantity supplied fromthe fee-paying
sector is specified as foll ows:

DQF = e (QFPR)DP - F) (D.8)

where e;F is the supply elasticity of the fee producers in
market i, )P, is the change in equilibriummarket price, and
other ternms are as previously defined (w thout the
subscripts). )P- F is the change in “net price” for the fee-
payi ng producers (i.e., the change in unit process |less the
unit fee).

The changes in quantity supplied fromthe refornulating
group and unconstrai ned groups, respectively, are

QR = QY P))P, (D.9)
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)QY = &%(QYP))P. (D. 10)

These producers respond to the increase in price wwth no
counteracting effect on costs. Gven the higher price in the
post-regulatory equilibrium output will increase fromthese
two groups of producers.

The aggregate change in equilibriumsupply quantity can
now be restated by conbining the preceding five equations:

)Q® = - QX+ ef(QF/PR)IP-F) + e QNP))P
+ e% (Q/P)DP . (D. 11)

The change in market demand for each product is given by
)Q® = Ei(Q/P))P + E;(Q/P))P (D. 12)

where E; is the owmn-price demand el asticity for product, i and
E, is the associated cross-price demand el asticity between
products i and j. Consuner demand theory supports the
assertion that own-price elasticities are negative and that
cross-price elasticities of substitutes are positive. To
attain equilibrium the change in quantity demanded nust equal
the change in quantity supplied in both markets:

)QP = )HQS (D. 13)

This provides a systemof M3 equations in M3 unknowns,
where M equal s the nunber of markets affected by the
regul ation. This can be reduced to an M2 equation system
sinply by substituting )QP = )Q® = )Q. This system can be
sol ved simul taneously to conpute the change in equilibrium
price and change in equilibriumquantity for each market. To
do this, baseline market data, nodel paraneters (supply and

D-6



demand el asticities), and an enpirical characterization of the
vari ous supply shocks alluded to above are needed.

D.4 COWUTI NG WELFARE EFFECTS

Changes in the market equilibrium cause changes in
resource allocation, which, when quantified, provide neasures
of how the welfare costs of the regulation are distributed
across groups affected by the regulation. The groups focused
upon here are architectural coatings producers and consuners,
because the changes in prices and quantities directly affect
their welfare. Since fee paynents are considered, the
government sector is also included in the welfare analysis
because they collect the fee revenues. This study does not
measure the wel fare benefits of reductions in VOC em ssions, a
val ue agai nst which these costs nmay be neasured to determ ne
the net value to society of the proposed regulatory structure.

D. 4.1 Ef fects on Architectural Coatings Producers

The profits earned at the new equilibriumto the profits
earned at the old equilibriumcan be conpared as a neasure of
effects of the regulation on the individual producer.
Foregone baseline profits (B° provide a neasure of the |oss
to producers that choose to exit rather than refornul ate:

)B = BR — B° = —B°, (D. 14)

For the remai ning producers, the change in profits is affected
by several factors, including the incurrence of the fixed
reformul ati on cost and any associ ated changes in price,
gquantity, and marginal cost.
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The remaining firns’ costs nmay be affected through either
the reformul ati on cost or the fee paynent. The effect of the
content limt on producers is generally not uniformand thus
rai ses sone distributional considerations. As indicated
above, shifts in the aggregate supply function will cause the
mar ket price to rise. For sonme producers, the benefits of the
price increase nmay outwei gh the net costs of conpliance. This
is certainly the case for producers of coatings with VOC
content bel ow the regul atory standards, because they incur no
reformul ati on costs but would gain fromthe rise in nmarket
price sparked by the conpliance costs and/or product
wi thdrawal s incurred by their conpetitors. Alternatively,
fixed refornul ation costs nay be substantial for sonme
producers, outweighing the positive price effect. The profit
effect wwll be negative for those producers. Oher producers
may fall in the mdrange, where the price benefits and cost
effects essentially offset each other.

Changes in producer welfare are generally reported as
changes in producer surplus. The aggregate change in producer
surplus for the w thdrawn-product producers equals the sum of
forgone profits fromall w thdrawn products in market i:

N

)PsiX:—EI B, - (D. 15)
j-1

The j subscript indicates forgone profits fromthe j'th
product in market i. Nf is the nunber of w thdrawn products
in market i. The change in producer surplus fromthe
reformul ati ng sector can be approxi mated as fol |l ows:

IPS;® = )P «QF + 0.5:)QR)P - (Ry*NF). (D. 16)
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)P, is the change in equilibriumprice, )QRis the change in
equi libriumquantity fromthe reformul ati ng producers, QRis
the initial quantity of the refornulating producers, R, is the
annual i zed refornul ation costs, and NR is the nunber of
products needi ng refornul ati on.

The change in producer surplus for the fee-paying
producers is initially conputed as foll ows:

PSS = (OP-F)+(QF + )QF)-0.5)Q"()P-F). (D.17)

The first termreflects the net revenue effects of the price
rise less the fee paynent and the second termreflects changes
in deadweight loss. To this termwe nust add the fixed cost
(per product) associated with fee recordkeepi ng requirenents
so that the full welfare effect is

)PS,F = )PSF - FF « N (D. 18)

where FF is the fixed cost per product of fee recordkeeping
and N equal s the nunber of products subject to the fee in
mar ket i .

Finally, the change in producer surplus for unconstrained
producers is

IPSY = )P« QY + 0.5 « )Q" « )P, (D.19)

with the QU reflecting the quantity supplied by these
producers. Total (net) producer surplus effects is sinply the
sum of the terns above:

)PS; = )PS* + )PS® + PSF + )PSY. (D. 20)
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D. 4.2 Ef fects on Architectural Coatings Consuners

Changes in consuner welfare are neasured by the change in
consuner surplus, which quantifies | osses due to a conbination
of the higher price and reduced consunption quantity. This
change can be approxi mated as fol |l ows:

)CS = -)F » (Q +)Q) + 0.5+ )R +)Q. (D. 21)

D. 4.3 Ef fects on the Gover nment Sector

The transfer of fees fromthe fee-paying producers to the
reci pient of those fees nmust be considered. For the purposes
of the welfare analysis, the governnent is identified as the
“recipient” of the fees.

)GS = F « (QF +)Q"). (D. 22)

Utimately, the governnent may choose to redistribute
those fees back to affected producers or consunmers or back to
ot her nenbers of society via the Treasury; however, for
pur poses of quantifying these distributional flows, they are
assigned as gains to the governnent sector.

D.4.4 Net Welfare Effects

The net welfare effects are conputed by taking the sum of
producer, consuner, and governnent surpl us:

YW, = )PS + )CS + )GS. (D. 23)

This cal culation nets out any transfers fromone group to
another within society (e.g., transfers fromconsuners to
producers through higher prices and transfers of fee revenues
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from producers to the governnent) because these transfers do
not affect the total sum of resource costs, just how they are
distributed within society. )W, provides an estimte of the
net social costs of the regulation.
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